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Preface 



Anatomy is a language and mastery of this language is in our opinion 
essential for physicians involved in the management of patients with vas- 
cular diseases of the central nervous system, head and neck, and spine and 
spinal cord. Understanding the clinicopathological aspects of vascular 
disease, its natural history, and the various therapeutic options is manda- 
tory for optimal patient management. 

Functional endovascular therapeutic strategies continue to expand and 
those that are currently available are discussed within the realm of the 
authors’ combined experience. Our approach goes beyond today’s tech- 
nological advances and involves a new understanding of how vascular 
pathology is expressed, its impact on the structure of the vascular sys- 
tems, and the possible repair mechanisms of the vascular system in vari- 
ous environments. The latest techniques that improve such therapeutic 
goals are illustrated in the individual chapters on the diseases and high- 
lighted in the chapter on techniques. 

The important field of occlusive vascular disease and our ability to re- 
open stenotic or even occluded vessels are revolutionizing Endovascular 
Neurosurgery. An in-depth study of occlusive vascular disease is a major 
addition to this second edition of Surgical Neuroangiography (Vol. 2). 
Functional anatomical strategies and protocols are illustrated with the lat- 
est technological devices. As the rapid technological evolution continues, 
our approach and understanding will help guide us to the safest and most 
effective revascularization strategy. 

Our new concepts with respect to aneurysms as a group of diseases 
of different etiologies and pathophysiologies alter the therapeutic indica- 
tions for their management and therefore the role of specific treatment 
techniques. 

Our experience in the management of patients with vascular disorders 
now extends over many decades and forms the basis for an approach to 
cerebral and dural vascular malformations that is both at the leading edge 
and well balanced. Management decisions based on a thorough under- 
standing of these vascular pathologies, their natural history, as well as the 
risks associated with their treatment have been outlined in the text. This 
work is a reflection of the authors’ ongoing commitment to balancing the 
exciting technological advances of the tools that have become available 
with thorough knowledge of vascular anatomy and an exhaustive under- 
standing of vascular pathologies. It is this unique approach that facilitates 
ongoing progress in the safe management of patients with vascular disor- 
ders affecting the brain, the spine, and the head and neck. 
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1.1 Introduction 



Treatment of occlusive vascular diseases of the central nervous system 
(CNS) has become an important new discipline in the field of endovascu- 
lar surgical neuroradiology. Over the past two decades, revascularization 
procedures of occlusive vascular lesions in the arterial or venous systems 
of the heart or peripheral circulation have become widely accepted. Ad- 
vances in therapy for occlusive vascular disease of the CNS, however, have 
lagged behind because the potential for devastating complications pre- 
vented their implementation. Dramatic progress in device technology in 
combination with important pharmacological advances is now enabling 
us to perform cerebral revascularization with a high degree of safety and 
efficacy. 

In view of the variety and frequency of occlusive vascular lesions, this 
chapter is divided into two major sections: arterial occlusive diseases and 
venous occlusive diseases. 
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1.2 Arterial Occlusive Disease 

A review of cerebrovascular physiology is imperative to properly under- 
stand and manage occlusive vascular diseases. 



1.2.1 Cerebrovascular Physiology 

1. 2.1.1 The Blood-Brain Barrier 

In general, any lipid-soluble molecule that is very small (a radius <0.8 mm) 
can cross the intracerebral capillary walls freely. Larger polar mole- 
cules are, for the most part, unable to do so, except for a select group 
of metabolically important molecules such as glucose and amino acids. 
These, and other metabolically important molecules, cross the vessel wall 
by means of carrier mechanisms, which facilitate transfer, or by active 
processes and work against a concentration gradient. Trapping mecha- 
nisms within cytoplasm of endothelial cells prevent the unrestricted entry 
of catecholamines into the brain. 

A mechanism for excluding toxic lipid-soluble molecules has been de- 
scribed. Capillaries in neural tissue possess an array of characteristics 
that restrict the passage of some molecules across the vessel wall, while 
enhancing the passage of others. The structural and functional features 
that are responsible for the permeability characteristics of the capillaries 
are collectively known as the blood-brain barrier (BBB). 

The features of this barrier begin to develop very early in embryonic 
life but are not fully expressed until after birth. Currently available evi- 
dence suggests that these BBB features are expressed in neuron endo- 
thelium in response to active factors elaborated by the neural tissue envi- 
ronment. 

Initially, the neural vessels are discontinuous, sinusoid-like vessels of 
large diameter, with fenestrated walls and interrupted tight junctions. The 
basement membrane is thin and discontinuous. These vessels are perme- 
able to circulating solutes. They are surrounded by precursors of neural 
and glial tissues but have not yet formed the intimate association typically 
seen with mature neural tissue. Pericytes are present but cannot be iden- 
tified because of the discontinuous nature of the basement membrane. 

As development proceeds, neural vessels change both structurally and 
functionally. Fenestrations disappear, the luminal diameter and wall thick- 
ness decrease, probably due to vessel elongation. The basement membrane 
forms end-feet. Generally, around the time of birth, the tight junctions be- 
come continuous, the electrical resistance increases, and permeability to 
several blood-borne molecules decreases. Astrocytes differentiate and 
form end-feet associated with the capillary wall. Transport mechanisms 
in the fetus and newborn do not function as those in the adult. Rather, 
they change in an age-appropriate manner to meet the changing nutri- 
tional needs of the growing, developing brain. 

The capillaries in the adult human brain average approximately 10 m 2 
in area and 640 km in length. Blood-tissue exchange takes place almost 
exclusively across the wall of capillaries. These capillaries are highly spe- 
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cialized to control blood- tissue exchange within very restricted limits 
(Stewart 1997). 

The small vessels in neural tissue are composed of a single layer of en- 
dothelial cells, pericytes, and a basement membrane. Astrocytic end-feet 
form an almost complete covering of the abluminal surface of the capil- 
lary wall. Pericytes are closely applied to the outer surface of the capillary 
wall and cover approximately 25% of the abluminal surface. They are en- 
closed within a common basement membrane along with the endothelial 
cells. Pericytes are believed to function as a backup mechanism for the 
BBB by phagocytosing substances that pass through the endothelial bar- 
rier. They are also smooth-muscle precursors. 

Endothelial cells are connected to each other by a continuous row of 
complex tight junctions that effectively seal diffusion routes across the 
capillary wall. Contrary to typical highly permeable membranes, tight 
junctions lack intercellular fenestrations. Endothelial vesicles are believed 
to act as shuttling membranous structures that facilitate the transport of 
chemicals across the vessel wall, or by temporarily fusing, to form a patent 
transcellular channel. 



1.2. 1.2 Cerebral Blood Flow 

The most significant consequence of decreased cerebral blood flow (CBF) 
from arterial occlusion is brain ischemia and subsequent infarction. De- 
creased cerebral perfusion may result from insufficient flow (i.e., hemo- 
dynamic insufficiency) or from vascular occlusion (i.e., embolic). 

A brief review of CBF physiology and its relationship to perfusion, 
pressure, and metabolic demand will make it possible to ascertain when 
dangerous levels of decreased CBF require intervention. The functional 
and structural integrity of the brain requires adequate local CBF, which is 
normally between 50-60 ml/100 g per minute. Under normal conditions 
(normoxia and normocapnia), CBF is ample relative to the metabolic 
needs of the tissue. 

The cerebrovascular circulation is capable of dynamic adjustments of 
the vascular caliber to various stimuli, or demands by different parts of 
the brain. A number of local and systemic, physical and chemical stimuli 
activate different mechanisms to change cerebrovascular resistance. The 
goal of these mechanisms is to accurately and rapidly match CBF to de- 
mands in local neuronal metabolic requirements and to provide adequate 
oxygen and glucose to the tissues, despite extreme degrees of hypotension 
or hypoxemia. 

To calculate CBF, one needs to understand that the arterial vasculature 
is a living (dynamic) elastic structure. If the arteries were rigid tubes, 
perfusion pressure would be defined as the difference between cerebral 
vascular inflow and outflow pressures, divided by the in-parallel resist- 
ance to flow through the channels. The pressure-flow relationship could 
be expressed as Ohm’s law: 

F = P/R 

where F is flow, P is pressure, and R is resistance. 
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Resistance to flow depends upon the caliber and length of the tube and 
the nature of the fluid that flows through it. If we assume that we are deal- 
ing with a Newtonian fluid with a laminar flow pattern at a steady rate, 
then flow can be expressed in the equation of Poiseuille: 

F = Pir2 (P in - P out)/8 nL 

where F is flow, r is vascular radius, P is pressure, n is viscosity, and L is 
length. 

While these formulas may help us understand CBF, in reality blood is 
not a Newtonian fluid, flow is not linear, but it is parabolic: the effective 
length of the vascular bed varies as precapillaries open and close accord- 
ing to demands. The intravascular perfusing pressure is pulsatile, and the 
vessels are not rigid, but distensible and can actively contract (Miller and 
Dell 1987). Nevertheless, the fundamental relationship between flow, per- 
fusion, pressure, and resistance in the intact mammalian cerebrovascular 
bed can be reasonably well approximated with these equations (Evans et 
al. 1977). 

The caliber of the cerebral vessel has a marked effect upon the CBF be- 
cause velocity of flow is proportional to the square of the vascular radius 
and that volume of flow is proportional to the fourth power of the vascu- 
lar radius (Siegel et al. 1974). 

CBF may be measured, and should be distinguished, as a volume flow 
rate (ml/min) for a specific tissue weight (ml/ 100 g per minute), or a ve- 
locity (cm/s), and as cross-sectional areas (cm 2 ). 

According to Bernoulli’s law, as blood passes from a wide to a narrow 
tube, the velocity of kinetic energy increases but the pressure falls. This ef- 
fect may be amplified in a vessel narrowed by a pathological process. 



1.2. 1.3 Cerebral Autoregulation 

The skull, a rigid container, encloses the entire cerebral vascular network 
with only very limited capability of external venting. In addition to the ac- 
tive and passive caliber changes in the cerebral vessels, the cerebral veins 
are collapsible. Therefore, extravascular pressure becomes important. The 
difference between intra-arterial pressure and extravascular pressure 
is the intracranial pressure (ICP), representing the arterial transmural 
pressure, which is the differential pressure that acts upon the walls of the 
arterial vessels (Miller and Bell 1987). 

Cerebral perfusion pressure is the difference between intra-arterial 
pressure and the pressure in the thin-walled veins, which are collapsible 
at the point of entry into the venous dural sinuses. Venous pressure 
changes in parallel with ICP and is normally 2-5 mmHg higher than the 
ICP. Therefore, the driving pressure is calculated as the difference between 
mean arterial blood pressure (MAP) and cerebral venous pressure or ICP, 
whichever is higher. 

Under normal conditions, ICP remains less than 15 mmHg and reflects 
the volume of three distinct compartments: (a) the brain parenchyma 
(1,200-1,600 ml in the adult human), (b) the extracellular CSF fluid (CSF, 
100-150 ml), and (c) intravascular blood (100-150 ml). The pressure-vol- 
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ume relationship is exponential. To maintain the same ICP, an increase in 
volume of one compartment of the intracranial contents must be com- 
pensated by a decrease of an equivalent amount in the other intracranial 
compartment(s). 

In contrast to all other organs, the vascular supply to the brain has the 
unique properties of constant blood flow, despite changes in blood pres- 
sure or ICP. Under normal physiological conditions, changes in cerebral 
perfusion pressure between 50 and 130 mmHg produce little or no change 
in CBF. To maintain constant CBF, despite an increase in perfusion (intra- 
arterial) pressure, the cerebrovascular bed must increase vascular resist- 
ance. Since the viscosity of blood and the length of the vascular network 
is not likely to change, a reduction in the caliber (vasoconstriction) of 
the small arteries and arterioles (principal resistant vessels), results in 
an increase in vascular resistance, thus preserving normal CBF. Con- 
versely, reduction in the blood pressure within the autoregulatory range 
(50-130 mmHg) produces vasodilatation, resulting in a decrease in cere- 
brovascular resistance (Fog 1937, 1939; Forbes and Cobb 1938). 

Contrary to popular belief, recent experimental measurements of the 
pressure gradient directly across different segments of the vascular bed 
indicate that the major source of vascular resistance is at the arteriolar 
level. Large extracranial vessels such as the cervical carotid arteries and 
vertebral arteries, in addition to the pial vessels, contribute roughly half 
of total cerebrovascular resistance. This phenomenon has been termed 
segmental vascular resistance (Hurn and Traystman 1997). 

Cerebral vessels of different caliber respond to different threshold lev- 
els of arterial pressure. The larger vessels (>200 pm in diameter) start to 
dilate when mean arterial pressure falls to 90 mmHg, whereas arteries less 
than 70 pm in diameter do not dilate until the pressure falls below 
60 mmHg. The larger arteries at the level of the circle of Willis and their 
immediate branches are also resistance vessels and buffer the more distal 
arterioles from systemic arterial pressure (Heistad et al. 1978). If arterial 
pressure remains constant, but ICP rises, cerebral perfusion pressure will 
also be reduced. In these circumstances, the same changes in the caliber of 
cerebral resistance arteries occur to maintain a constant CBF (Miller and 
Bell 1987). 

The ability to compensate for pressure-flow variability has a limit be- 
yond which cerebral vasodilatation or constriction can no longer main- 
tain normal levels of CBF. At perfusion pressures below 40 mmHg, CBF 
will be reduced and ischemia will first be manifested at the watershed 
areas in a heterogeneous way. These watershed areas represent the criti- 
cal hemodynamic threshold when systemic pressure falls (Abboud 1981; 
Miller and Bell 1987). 

If systemic pressure exceeds 140 mmHg, CBF rises, and autoregulation 
may fail. Examination of pial vessels demonstrates leakage of intravascu- 
lar tracers into the extravascular space (Kontos et al. 1978). In baboons, a 
continued and sustained rise in systemic pressure has been shown to pro- 
duce petechial hemorrhage. This phenomenon is referred to as break- 
through of autoregulation (Strandgaard et al. 1974). 

The upper and lower limits of autoregulation can be reset in different 
circumstances. In long-standing hypertension, a mean pressure above 
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150 mmHg can be well tolerated, without an increase in CBF (Strandgaard 
et al. 1975). However, in the same subject, the lower end of autoregulation 
(i.e., the point where ischemia can occur) has also shifted upwards on the 
pressure scale from the normal 60 mmHg to 80 mmHg. Under these 
circumstances, when ICP rises, the cerebrovascular system is less able to 
compensate (Miller and Bell 1987). 

Conversely, in a normal cerebrovascular system, the lower threshold 
of perfusion pressure may be lowered (40 mmHg) by sympatholytics 
without producing cerebral ischemia. For example, pharmacologically 
induced hypotension during anesthesia (Fitch et al. 1975) or following 
bilateral sympathectomies (Miller and Bell 1987) may be well tolerated. 

When the arteriolar transmural pressure is elevated by high intravas- 
cular pressure, stretching of the smooth muscle in the vessel wall leads to 
vasoconstriction, increasing resistance to flow. This explains pressure au- 
toregulation to changes in both systemic blood pressure and subarach- 
noid venous pressure, since venous pressure is equal to extramural tissue 
pressure in the normal brain and represents the external pressure exerted 
on the arteriole wall. A rise in blood pressure increases the transmural 
gradient, resulting in vasoconstriction, while elevation of venous pres- 
sure, and hence tissue pressure, decreases the gradient and leads to va- 
sodilatation. 

Autoregulation can be abolished when overriding vasodilatation is in- 
duced by a variety of mechanisms such as high arterial pC0 2 or p0 2 , 
seizures, opiate antagonists, or volatile anesthetics (Turner et al. 1984). 

Autoregulation becomes impaired after a wide spectrum of insults, ei- 
ther local (cerebral) or systemic, including trauma and hypoxemia, as well 
as in the perimeter of tumors, in ischemia, infarction, and inflammatory 
lesions such as abscesses, and in diabetes (Miller and Bell 1987). 



1.2. 1.4 Cerebral Blood Volume 

Intracranial blood volume is determined by CBF and the capacitance ves- 
sel diameter (i.e., small veins and venules). Cerebral blood volume (CBV) 
increases with vasodilatation and decreases with vasoconstriction. While 
for the most part CBV changes in the same direction as CBF, it may actu- 
ally be inversely related in some normal circumstances (i.e., during au- 
toregulation) or in some pathological conditions. Blood volume is not 
equally distributed throughout the brain; blood volume perfusion per 
unit of weight is greater in gray matter than in white matter, with further 
variations among the various nuclei. The average CBV in adult humans is 
3-4 ml/ 100 g tissue. 

The central volume principle (Meier and Zierler 1954) relates the vol- 
ume that intravascular blood occupies within brain (CBV in milliliters) 
and the volume of blood that moves through the brain per unit time (CBF 
in ml/min). 

Changes in vascular diameter will directly affect CBV, but not neces- 
sarily all the time. CBF varies simultaneously as mean transit time is 
altered. For example, during vasodilatation, as CBV increases, if blood 
viscosity correspondingly decreases, CBF may not change. 
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1.2.1. 5 Blood Viscosity 

Viscosity represents the internal frictional resistance of the transported 
fluid. According to Poiseuille’s law, changes in blood viscosity will affect 
CBF, but as blood is not a Newtonian fluid, Poiseuille’s law in effect does 
not precisely describe the relationship between CBF and blood viscosity, 
particularly in the microcirculation. Blood viscosity varies directly with 
the cellular elements of blood and the hematocrit. Blood viscosity also 
varies inversely with the shear rate (a parameter that describes the veloc- 
ity gradient of laminar blood flow through a vessel), which is inversely 
proportional to vessel radius. Therefore, for a given blood velocity, shear 
rates are greater in smaller vessels than in larger vessels (e.g., 300-500 s 1 
in arterioles vs. 50 s _1 in the aorta) and apparent viscosity is consequently 
lower in the microcirculation. The latter is called the Fahraeus-Lindqvist 
effect, where the viscosity is reduced by about 5% at 300-pm-diameter 
vessels and by 50% at 20-pm-diameter vessels relative to large bore tubes 
(Hurn and Traystman 1997). 

Blood viscosity increases exponentially with increases in hematocrit 
and with elevation in gamma globulin and fibrinogen components of 
plasma protein. Furthermore, a fall in pH will increase red cell stiffness 
and further decrease flow, unless compensatory changes occur (Miller 
and Bell 1987). 

When the hematocrit rises, flow decreases as the oxygen extraction ra- 
tio increases and less blood is required to deliver oxygen. Reduced flow 
increases viscosity further, producing a vicious circle until stasis occurs 
(Thomas 1982). 

In normal physiological states, flow in the cerebral microcirculation 
frequently stops and starts; the force needed to restart flow is directly de- 
pendent upon hematocrit level. The autoregulatory mechanism to com- 
pensate for increase in blood viscosity is vasodilatation in response to the 
increase in cerebrovascular resistance. 

As reviewed above, blood viscosity plays an important role at various 
stages in the physiology of ischemic states. 



1.2. 1.6 Metabolism in Cerebral Blood Flow 

The average rate of metabolic glucose consumption in the brain is ap- 
proximately 60 ml/ 100 g per minute and demonstrates considerable re- 
gional variation, being four to five times greater in the colliculi than in the 
basal ganglia. Oxygen is used at an average rate of 6 ml/ 100 g per minute 
in the cortex, and 2 ml/100 g per minute in the white matter (Frackowiak 
et al. 1980). If the oxygen supply is interrupted, tissue ATP reduces to zero 
in just 7 min (Siesjo 1984). 
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1.2. 1.7 Carbon Dioxide Reactivity 

Carbon dioxide (C0 2 ) has a profound effect upon the cerebral circulation 
and therefore upon CBF. Hypercapnia produces vasodilatation and hypo- 
capnia results in vasoconstriction. These effects are reversible and are 
seen universally in all mammals and at all ages. 

In man, inhalation of 5% C0 2 elevates CBF by 50%, and inhalation of 
7% increases CBF by 100% (Kety and Schmidt 1948). All cerebral vessels 
respond to changes in C0 2 . Hypocapnia vasoconstriction is size inde- 
pendent; however, hypercapnia dilates smaller-caliber vessels more so 
than larger-caliber vessels. 

C0 2 freely diffuses between blood and CSF. As long as C0 2 remains con- 
stant, changes in blood pH have little effect upon extracellular pH or CBF 
(Miller and Bell 1987). The flow changes induced by alterations in arterial 
pC0 2 begin within 2 min and reach equilibrium within 12 min (Raper et 
al. 1971). As with other CBF parameters, prolonged changes in pC0 2 lead 
to chronic adaptation and after 36 h CBF will return to normal. C0 2 reac- 
tivity will become impaired by various physical insults, such as trauma, 
intracranial surgery, atherosclerosis, arterial hypotension, ischemia, and 
SAH (Miller and Bell 1987). 

Where C0 2 reactivity is focally impaired, a rise in arterial pC0 2 will 
dilate the surrounding vessels and divert blood away from the damaged 
(ischemic) area. This paradoxical effect may further increase the ischemic 
area and has been termed intracerebral steal (Symon 1969). 

Levels of arterial pC0 2 above 70 mmHg produce maximal vasodilata- 
tion and no additional increase in CBF, despite further increases in pC0 2 . 
Lowering arterial pC0 2 below 20 mmHg produces no further decrease in 
blood flow once CBF goes below the 20 ml/100 g per minute threshold for 
normal neuronal function. 



1.2.1. 8 Oxygen Reactivity 

Due to the shape of the oxygen dissociation curve of hemoglobin, p0 2 has 
less effect on CBF than pC0 2 and the CBF falls by only 10% when the sub- 
ject is breathing 100% oxygen. CBF begins to rise when p0 2 falls below 
50 mmHg, and at 30 mmHg the CBF will be doubled (Thomas and 
Crockard 1985). 



1.2. 1.9 Nitrous Oxide in Cerebral Circulation 

Nitrous oxide (NO) is an inorganic membrane-permeable free-radical 
gas. It is synthesized in neurons, glial cells, perivascular nerves, cerebro- 
vascular endothelium, macrophages, and white blood cells from the 
amino acid L-arginine and molecular oxygen by the enzyme, nitric oxide 
synthase (NOS) (Dawson and Synder 1994; Moncada et al. 1991). It is a 
powerful vasodilator and it is the endothelial-dependent relaxing factor 
(EDRF), which in turn activates guanylyl cyclase and initiates a cascade in 
the vascular smooth muscle, causing relaxation (Moncada et al. 1991). 
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Table 1.1. Nitric oxide synthase (NOS) 



Constitutive neuronal Chromosome 12 Ca 2+ -dependent 

Constitutive endothelial Chromosome 7 Ca 2+ -dependent 

Inducible macrophages Chromosome 17 Ca 2+ -independent 



At least three NOS isoforms have been identified: constitutive neuronal 
(chromosome 12); constitutive endothelial (chromosome 7); and an in- 
ducible isoform isolated from macrophages (chromosome 17) (Table 1.1). 

The two constitutive isoforms (neuronal and endothelial) are activated 
by increases in intracellular calcium-calmodulin. The third type, the in- 
ducible isoform, is calcium insensitive and appears in tissue where its syn- 
thesis is stimulated by inflammatory substances such as endotoxin cytok- 
inase. Constitutive NOS exists within cerebrovascular endothelium, peri- 
vascular nerves, neurons, and astrocytes. The role of NO in cerebrovas- 
cular hemodynamics includes flow augmentation during hypoxia and 
ischemia, cerebral autoregulation, hypercapnia, and flow metabolism cou- 
pling (Iadocola et al. 1994; Faraci and Brian 1994). 

Nitrous oxide is involved in a variety of physiological functions such as 
regulation of blood pressure, platelet inhibition, inflammation, penile 
erection, and neurotransmission (Dawson and Synder 1994; Moncada et 
al. 1991; Iadocola et al. 1994). 

Both neuronal and endothelial NO regulate vascular tone. Topical or 
systemic administration of NOS inhibitors constricts cerebral arteries 
and reduces regional cerebral blood flow (rCBF), suggesting that NO con- 
tributes to normal vascular tone. NO contribution to vascular tone varies 
among brain regions and amongst species. Thus, brain regions with higher 
NOS activity (for example, cerebellum and hypothalamus) show a greater 
decrease in cerebral blood flow (CBF) after NOS inhibition. Neuronally 
generated NO regulates rCBF responses to C0 2 inhalation. 

NO is cytotoxic: macrophages kill bacteria in tumor cells by releasing 
high amounts of NO. 



1.2.1.10 Other Factors 

Extensive studies on the regulation of cerebral vessel tone conducted over 
the past 2 decades reveal a plethora of mediators that relax, contract, or 
modify cerebral vessel permeability and functions. These mediators are 
derived from sympathetic, parasympathetic, and sensory nerves that in- 
nervate the cerebral vessels (Table 1.2). 

Investigations of cerebrovascular smooth muscle and blood-brain bar- 
rier (BBB) endothelium have elucidated the functional role of an array of 
vasoactive agents that govern the physiological coupling between region- 
al cerebral blood flow, metabolism, and neuronal activity. This includes a 
host of diverse mediators, including vasoactive peptides, amines, lipids, 
phospholipids, and vasoactive gases. The precise role these factors play in 
maintaining cerebrovascular autoregulation in physiological conditions 
and in pathological conditions (such as cerebrovascular atherosclerosis. 
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Table 1.2. Vasoactive substances 




Vasoconstrictor 


Vasodilator 


Norepinephrine (NE) a r 
and a 2 -adrenoreceptors 




+ 


NE /3 r and /? 2 -adrenoreceptors 




+ 


Serotonin (5-HT) 


+ Large vessels 
+- Arterioles 


+ Capillaries 


Histamine 


+ 


+- Depending on receptors 
(H1,H2,H3) 


Dopamine (precursor of NE) 




+ (Indirect) 


Acetylcholine 




+ (EDRF) 


Prostacyclin 
Thromboxane A 2 


+ 


++ 


Prostaglandins 

(PG S : PGD 2 , PEG 2j and PGF2J 

Cysteinyl leukotrienes (LTS) 


++ 


++ 


Platelet-activating factor (PAF) 


+ Higher 


+ Low 




concentration 


concentrations 


Calcitonin gene-related 
peptide (CGRP) 




++ 


Adrenomedullin 




++ 


Substance P (SP) 




+ EDRF/NO-mediated 
mechanism 


Bradykinin B t receptors 


+ Large arteries 
and large veins 




Bradykinin B 2 receptors 




+ EDRF mediated arterioles 
and venules 


Neuropeptide Y (NPY) 


+++ (Prolonged) 




Angiotensin-II (All) 


+++ (Choroid 
plexus) 




Endothelium- 1 (ET-1) 


+++ 




Vasopressin (VP) 
Adenosine 


+ 


+ 


ADP and ATP 




+ 


Carbon monoxide (CO) 




+ 



ischemia, vasospasm, thrombosis, inflammation, and trauma) remains 
under intensive investigation. The cerebrovascular endothelium is a ma- 
jor contributor to cerebrovascular tone and autoregulation by the bal- 
anced actions of relaxing and contracting mediators (Feuerstein and 
Miller 1997). 

The description of the ever-increasing number of mediators on neu- 
ronal metabolism and cerebral vessels, although important, is beyond the 
scope of this review. They are well reviewed by others (Miller and Bell 
1987; Feuerstein and Miller 1997). 

Briefly, we will enumerate critical aspects of the most important medi- 
ators. 
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Amines 

Amines include the catecholamines (norepinephrine, epinephrine, and 
dopamine), serotonin, histamine, and acetylcholine. 

Norepinephrine. Dense networks of perivascular norepinephrine (NE)- 
containing nerves are present in the walls of cerebral arteries, arterioles, 
capillaries and veins. The majority of these sympathetic fibers originate 
from the superior cervical ganglion. The vasodilator or vasoconstrictor’s 
response to NE is a function of the balance between vascular a- and 
^-adrenoreceptors in different segments of the cerebrovascular tree. 
Noradrenergic-induced constriction of cerebrovascular smooth muscle 
cells is mediated by both a r and a 2 -adrenoreceptors and is Ca 2+ de- 
pendent. Cerebral arteries also possess and /^-adrenoreceptors that 
mediate dilator responses, with isoproterenol being the most potent 
vasodilator, followed by epinephrine and lastly, the least potent, norepi- 
nephrine. 

Serotonin. Cerebral vessels receive serotoninergic innervation originat- 
ing from brainstem nuclei. The effect of serotonin (5-hydroxytryptanine, 
5-HT) on the cerebral circulation depends on blood vessel size and the 
receptor subtype. At the major vessel level [i.e., internal carotid artery 
(ICA), middle cerebral artery (MCA)], 5-HT produces vasoconstriction, 
mediated in par t by the release of NE and by prostaglandins, with increas- 
es in Ca 2+ influx. 

At the arteriolar level, depending on the preexisting vascular tone, 5- 
HT can produce either vasoconstriction or vasodilatation. At the capillary 
level, 5-HT produces vasodilatation and increases permeability. At the 
venular and venous level, 5-HT modulates venous caliber and vascular 
capacitance. 

5-HT may be responsible for some headache syndromes such as mi- 
graine. 

Histamine. Histamine can be found in neurons (predominately in the 
hypothalamus), endothelial cells and perivascular mast cells. While his- 
tamine is generally viewed as a vasodilator, depending upon the recep- 
tors (H 1( H 2 , and H 3 ), it may mediate vasodilatation or vasoconstriction. 

The vasodilatation effect of histamine on the cerebral vasculature is 
mediated via activation of H 2 receptors in the smaller distal arteries, 
which are the major contributors to cerebrovascular flow resistance. H! 
receptors act on the endothelial cells and are more common on the larger 
arteries. 

Histamine increases the permeability of the BBB though H 2 receptors, 
probably by the release of substance P (Toda et al. 1985). 

Dopamine. The effects of dopamine, a precursor of NE, are indirect. The 
use of dopamine antagonists in an experimental setting results in an 
increase in cerebral blood flow. 
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Acetylcholine. Acetylcholine (Ach) is secreted from parasympathetic in- 
nervations in cerebral arteries and is involved in the secretion of CSF from 
the choroid plexus (Branston 1995). Ach induces endothelium-dependent 
relaxation in the cerebral arteries and arterioles. 



Lipid Mediators 

The lipid mediators include the eicosanoids. The eicosanoids are a diverse 
group of substances derived from arachidonic acid. This group of media- 
tors includes prostacyclin (PGI 2 ), thromboxane A 2 (TXA 2 ), prostaglandins 
and leukotrienes. 

Eicosanoids are synthesized in the wall of cerebral arteries, capillaries 
and in the choroid plexus (Moskowitz and Coughlin 1981). 

Prostacyclin is a potent vasodilator of cerebral vessels. 

Thromboxane A 2 is a vasoconstrictor that also acts indirectly on 
platelets, causing platelet aggregation and thrombosis. 

Prostaglandins (PGs: PGD 2 , PEG 2> and PGF2J are potent cerebral va- 
sodilators. 

Cysteinyl leukotrienes (LTS) include LTC 4 and LTD 4 , which are potent 
vasoconstrictors to cerebral arteries. 

Platelet-activating factor (PAF) is produced predominately by neu- 
trophils, macrophages, and platelets, but also by endothelial and neuronal 
cells. PAF seems to have no direct effect on cerebral microvessels. At low 
concentrations, PAF may elicit endothelium-dependent relaxation, while 
at higher concentrations, PAF may induce vasoconstriction, in part via 
TXA 2 released from platelets. 



Peptides 

Vasodilator peptides include vasoactive intestinal peptides (VIP), peptide 
histidine isoleucine (PHI) and pituitary adenylate cyclase-activating pep- 
tide (PACAP). 

Calcitonin gene-related peptide (CGRP), a potent vasodilator of cere- 
bral vessels, is localized in sensory nerves on the large, medium, and small 
cerebral vessels. Adrenomedullin is a potent vasodilator of cerebral ves- 
sels in vitro and in vivo. 

Substance P (SP) is the principal member of the tachykinin. SP is pri- 
marily localized in the perivascular sensory nerves, where it induces 
vasodilatation (although there were some exceptions to this effect). SP 
may be involved in vasodilatation and plasma extravasation in the extrac- 
erebral circulation and thereby mediates neurogenic inflammation. There 
are three types of tachykinin receptors designated as neurokenin-1 (NK- 
1), NK-2, and NK-3. SP is believed to induce vasodilatation by an en- 
dothelium-derived relaxing factor (EDRF)/NO-mediated mechanism. 

Bradykinin. Bradykinin acts via Bj and B 2 receptors that are present in 
cerebral vessels. Bj receptors mediate contraction of large arteries and 
large veins, while B 2 receptors induce EDRF-mediated relaxation in arte- 
rioles and venules and increase permeability of endothelial cells and BBB. 
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Vasoconstrictor Peptides 

Neuropeptide Y. Neuropeptide Y (NPY) is synthesized and released along 
with NE from sympathetic nerve innervations of cerebral vessels. It is a 
potent vasoconstrictor and its effect is prolonged. 

Angiotensin II. Angiotensin II (ATII) receptors are potent vasoconstric- 
tors; they potentiate the action of NE and are found in brain microves- 
sels and most extensively in the vessels of the choroid plexus. 

Endothelin-1. Endothelin-1 (ET-1) is a metalloprotease that induces a 
potent vasoconstriction of brain arteries, characterized by its slow onset 
but long-lasting effects. The presence of elevated levels of ET-1 in sub- 
arachnoid hemorrhage suggests that ET-1 may be involved in the patho- 
genesis of cerebrovascular spasm. 

Vasopressin (VP) has a direct vasoconstricting effect on cerebral arter- 
ies and veins. 

Purine Nucleotides 

• Adenosine Adenosine is a vasodilator, considered to serve 

as a link in coupling blood flow to oxidative 
metabolism and is responsible for hypoxia-in- 
duced vasodilatation. 

• Adenosine diphosphate Both adenosine diphosphate (ADP) and ade- 

nosine triphosphate (ATP) elicit relaxation of 
cerebral vessels by activation of purinergic P2 
receptors. 

• Carbon monoxide Carbon monoxide (CO) is believed to serve as 

a mediator of cerebrovascular relaxation via 
an increase in CGMB. CO is much less potent 
than NO as a vasodilator agent, but like NO, 
may serve multiple neuronal functions. 



T.2.2 Arterial ischemic Stroke 
1. 2.2.1 Definition 

Ischemic stroke is caused by a disruption in blood flow and results in a 
neurological deficit that persists longer than 24 h. In contrast, transient 
ischemic attacks (TIAs) are defined as brief episodes of neurological 
dysfunction resulting from cerebral ischemia. Typically, most TIAs last 
less than 15 min, but the classic description depicts episodes lasting less 
than 24 h. 

Stroke is the most common life-threatening neurological disease 
(Table 1.3) and the third most common cause of death in the Western pop- 
ulation (second in women), with an incidence in North America of over 
500,000 strokes/year, of which 200,000/year are fatal (Table 1.3). In West- 
ern countries, there are 500 TIAs per year, and 2,400 strokes per year in a 
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population of 1 million inhabitants (Hankey 1999). Stroke, therefore, is 
more frequently disabling than lethal. It is the first cause of handicap and 
the second cause of dementia in Western countries. 

The literature on stroke is extensive, and the epidemiology is beyond 
the scope of this chapter. The causes, location and impact of ischemic 
stroke (from prevention to treatment) will vary greatly between people of 
various races, genders, geographic areas, and socioeconomic statuses 
(Modan and Wagener 1992) (Table 1.4). 

The prognosis for patients with ischemic stroke is worse than the prog- 
nosis of many types of cancer, with half of all strokes resulting in death 
or dependency after 1 year (Dyker and Lees 1998). The outcome is even 
bleaker for patients with severe stroke, with 96% of patients dead or de- 
pendent after suffering a major anterior or posterior circulation stroke 
(Dyker and Lees 1998). 

The likelihood that arterial ischemia is the cause of a cerebral vascular 
accidents (CVA) increases with the patient’s age (Table 1.5). Ischemia ac- 
counts for only 33% of events in patients under age 45, but 80% of events 
in those older than age 50 (Boosser and Mas 1988). 

Stroke is a major health burden. Its impact and prevalence in the elderly 
and in those between 75 and 84 years of life makes stroke the leading 
cause of death (Table 1.6) 



Table 1.3. Stroke in North America 



Cerebral vascular accidents (CVAs) 500,000 patients/year 


Average hospital stay 


42 days 


CVA death 


200,000 patients/year 


CVA cost 


US $20 billion/year 


Table 1.4. Stroke: race, 


sex, prevalence of location 



Chinese 

Japanese 

African-American 
White Americans 
White Scandinavians 



Intracranial 
Intracranial 
Intracranial 
Extracranial and heart 
Extracranial and heart 



Male vs. female 30%> risk for cerebral vascular accident 



Table 1.5. Stroke incidence per 
100,000 population (USA) 


Table 1.6. Prevalence of major diseases 


in the elderly (%) a 






Age 


Stroke 


TIA 


MI 


PAD 


AA 


AD 


PD 


All age groups 150 

Under 40 years 3 


55-64 


2.0 


0.9 


2.6 


0.9 


1.2 


0.2 


0.3 


Over 85 years 1,800 


65-74 


4.2 


1.7 


5.6 


2.0 


2.5 


0.9 


1.0 




75-84 


7.8 


2.3 


6.2 


2.9 


4.7 


7.4 


3.1 




85+ 


11.0 


2.2 


4.4 


4.1 


6.2 


26.8 


4.3 



TIA, transient ischemic attack; MI, myocardial infarction; PAD, peripheral arterial 
disease; AA, aortic aneurysm; AD, aortic dissection; PD, pulmonary disease. 
a Rotterdam study (1990-1999). 
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The risk of further cerebral ischemia after a stroke or TIA is highest im- 
mediately after the initial event. Results from the Oxford Community 
Stroke Project suggest that the absolute risk of a future cerebral ischemic 
episode is 4.4% during the first month and 8.8% during the first 2 months. 
The odds ratio of a stroke in these patients compared with age-matched 
controls without recent symptoms of cerebral ischemia is 80.0 within the 
first month and 27.0 within the second month. Thereafter, the odds ratio 
diminishes to 4.7 between 1 and 2 years (Dennis et al. 1990). 

In a recent study, Johnston demonstrated the short-term risk of stroke 
and other adverse events after an emergency department diagnosis of 
TIA is substantial. Overall, 25.1% of the patients experienced a stroke 
or other adverse event within 90 days of the TIA diagnosis (Johnston et 
al. 2000). 

The causes of ischemic stroke are various and are shown in Table 1.7. 
The risk factors associated with stroke are listed in Table 1.8. 

Stroke risk increases with increasing carotid stenosis. With low-grade 
stenosis, the risk of stroke is relatively small. Conversely, high-grade 
stenosis (>75%) carries an annual stroke incidence of approximately 3%. 
When TIAs are included, the risk increases to approximately 10%, with 
the majority of events being referable to the ipsilateral stenosed artery 
(Norris et al. 1991). Carotid stenosis accounts for approximately 30% of 
CVAs (De Bakey 1996). 



Table 1.7. Causes of stroke 



Table 1 .8. Risk factors for ischemic cerebrovascular accident 



Cerebral ischemia 


80% 


Large vessel atherosclerosis 


20% 


Cardiac emboli 


20% 


Small vessel occlusion 


20% 


Other definite causes 


5% 


Unknown 


15% 


Cerebral hemorrhage 


20% 



Modifiable Nonmodifiable 



Arterial Hypertension 


Gender 




Male 


Hypercholesterolemia 


Race 




Black 




Hispanic 




Asian 


Smoking 


Age 


Diabetes mellitus 


Family history 


Alcohol 




Estrogen 




Migraine 




Transient ischemic attacks 




Other locations of 




atherosclerosis (CHD, PAD) 




Acute infections 




Sleep apnea syndrome 




Obesity 




APL antibodies 




Homocysteinuria 




Drug abuse 




Hypercoagulation states 




Sickle cell disease 
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1. 2.2.2 Neuronal Metabolism and Cerebral Ischemia 

The functional and structural integrity of the brain requires adequate lo- 
cal CBF, which is normally between 50 and 60 ml/100 g per minute. Under 
normal conditions (normoxia and normocapnia), CBF is ample, relative 
to the metabolic needs of the tissue. At the normal range of autoregula- 
tion, brain tissue extracts between 35% and 40% of the delivered amount 
of oxygen, a value that can be doubled in order to avoid hypoxic symp- 
toms. This increase in oxygen extraction ratio (OER) has been termed 
perfusion reserve. 

When there is an occlusion to a cerebral artery resulting in insufficient 
CBF, a cascade of metabolic events takes place, depending upon the re- 
gional diminution of perfusion pressure distal to the occlusion. When the 
regional CBF is no less than about 20 ml/100 g per minute, the cerebro- 
vascular bed first attempts to compensate by autoregulatory responses 
(vasodilatation). As distal blood pressure falls below approximately 
60 mmHg, (lower threshold of autoregulation) and flow decreases, com- 
pensation occurs by increasing the OER. This compensation is adequate 
for moderate flow reductions down to about one-half the normal levels, in 
that the OER increases as flow decreases, preserving cerebral oxygen up- 
take and neuronal function. 

When distal pressure falls below approximately 30 mmHg, the two 
compensatory mechanisms (autoregulation and perfusion reserve) be- 
come inadequate to prevent failure of oxygen delivery. As flow drops be- 
low the ischemic threshold around 20-23 ml/ 100 g per minute, symptoms 
of tissue hypoxia, referred to as ischemia, occur and tissue metabolic needs 
can no longer be supported, resulting in cerebrovascular insufficiency. 

Ischemia refers to inadequate perfusion of tissues. There are two levels 
of ischemia, moderate and severe. Moderate ischemia occurs when re- 
gional CBF is between 10-23 ml/100 g per minute. This regional level of 
ischemia, resulting in paralysis or inhibition of function, but not in absent 
neuronal activity, is defined as penumbra, a tissue zone with partial or 
complete yet fully reversible ischemic paralysis (Astrup et al. 1981). Severe 
ischemia with flow below 10 ml/ 100 g per minute, if lasting for more than 
a few minutes, will result in an irreversible loss of neuronal function, and 
tissue necrosis (i.e., infarction) (Lassen 1982). 

Based on electrophysiological observations following experimental 
MCA occlusion in baboons, the ischemic penumbra can be defined as a 
complete failure of the cortical evoked potentials at the level of the cortex, 
observed at a CBF threshold level of approximately 0.15 ml/g per minute 
(15 ml/100 g per minute). At this CBF threshold, extracellular potassium 
ion activity was only mildly elevated. With a further CBF reduction to the 
range of 0.06-0.10 ml/g per minute (6-10 ml/100 g per minute), massive 
increases in extracellular potassium occur and are associated with com- 
plete tissue infarction. Thus, the ischemic penumbra has been conceptu- 
alized as a region in which CBF reduction has exceeded the threshold for 
failure of electrical function but not that for membrane failure. 

When correlating CBF autoradiographs with diffusion-weighted MR 
images and regional distribution of cerebral metabolites, the ischemic 
core region enlarges when adjacent, formerly penumbral areas undergo 
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irreversible deterioration during the initial hours of vascular occlusion. At 
the same time, the residual penumbra becomes restricted to the periph- 
ery of the ischemic territory and its fate may depend critically upon early 
therapeutic intervention. In the border zone of brain infarcts, marked un- 
coupling of local CBF and glucose utilization is consistently observed. The 
correlation with electrophysiological measurements shows that metabo- 
lism-flow uncoupling is associated with sustained deflections of the direct 
current (DC) potential, resembling transient depolarization. Such penum- 
bral cell depolarization, which is associated with an increased metabolic 
workload, induces episodes of tissue hypoxia due to the constrained col- 
lateral flow, stimulates anaerobic glycolysis leading to lactacidosis, sup- 
presses protein synthesis, and, finally, compromises energy metabolism. 
The frequency of depolarization correlates with the final volume of 
ischemic injury. Therefore, penumbral depolarization is regarded as an 
essential event in the pathogenesis of ischemic brain injury. N-methyl-D- 
aspartate (NMDA) and non-NMDA antagonists can suppress peri-infarct 
DC deflections and result in significant reduction of infarct size. 

The histopathological sequelae within the penumbra consist of various 
degrees of scattered neuronal injury, termed incomplete infarction. The 
reduction of neuronal density at the infarct border is a flow- and time-de- 
pendent event, which is accompanied by an early response of glial cells. As 
early as 3 h after vascular occlusion, generalized microglial activation can 
be detected throughout the ipsilateral cortex. Astrocytic activation is ob- 
served in the intact parts of the ischemic hemisphere from 6 h after oc- 
clusion onwards. Thus, the penumbra is a spatially dynamic brain region 
of limited viability, which is characterized by complex pathophysiological 
changes involving neuronal function as well as glial activation in response 
to local ischemic injury (Back 1998). 



1. 2.2.3 Selective Neuronal Vulnerability 

The pathophysiological process that leads to several discrete histological 
changes in the postischemic brain is related to various factors, including 
the distinct biochemical properties among various populations of brain 
cells and the spatial and the temporal dynamics of cerebral ischemia 
(Pulsinelli 1997). 

Anatomically, cerebral ischemia may be classified as either focal, the 
loss or reduction of blood flow to a specific vascular territory, or global, 
the reduction of blood flow to the entire brain. The severity of brain isch- 
emia is the product of the degree and duration of blood flow loss. In fo- 
cal ischemia, which usually occurs following thromboembolic or athero- 
thrombotic occlusion from extracranial or from intracranial cerebral ves- 
sel abnormalities, the histopathological outcome is directly influenced by 
the degree and duration of blood flow loss. 

Global brain ischemia usually occurs following cardiac arrest and is 
uniformly severe and complete. Clinically relevant global brain ischemia 
is seen after no more than 5-10 min of blood flow loss in normothermic 
humans. Longer periods are incompatible with life. The histopathological 
changes and severity of the ischemia following cardiac arrest create a pre- 
dictable and uniform type of histological brain injury. 
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Fig. 1.1A, B. Selective vulnerability. Selective ischemic necrosis is characterized by 
irreversible injury limited to a specific population of brain neurons. Such vulnerable 
population includes Purkinje cells. A Normal Purkinje cells. B Selective loss of Purk- 
inje cells with preservation of other neurons and glial cells 



Ischemic depolarization is critical for the initiation of injury. The ab- 
solute blood flow reduction that causes ischemic depolarization varies 
among species. Increasing the duration of depolarizing ischemia is asso- 
ciated with progressively more severe histological changes. While early in- 
jury is reversible, sustained depolarizing ischemia results in a more severe 
form of ischemic brain injury, cerebral infarction. 

Selective ischemic necrosis is characterized by irreversible injury lim- 
ited to a specific population of brain neurons that have been empirically 
identified as vulnerable to hypoxia and ischemia (Graham 1992). Such 
vulnerable populations include the CA1 sector of the hippocampus, medi- 
um-size striatal neurons, and cerebellar Purkinje cells (Fig. 1.1). These 
highly vulnerable cells will suffer even if the injury is transient but severe, 
producing depolarization. In patients successfully resuscitated from car- 
diac arrest, one can see this type of depolarizing ischemia. Selective is- 
chemic necrosis may also develop in transient focal brain ischemia, but 
such injury is infrequently encountered clinically, since there are no long- 
lasting neurological sequelae. 

The histopathological characteristics of selective ischemic necrosis 
have classically been defined as a series of histological changes encom- 
passed by the term ischemic cell change. Ischemic cell change begins with 
the stage called microvacuolization that is followed by incrustations, and 
finally, homogenizing cell change (Duchen 1992). Microscopically, one 
can see shrunken neuronal bodies, acidophilic staining of the neuronal 
cytoplasm, and darkly staining, pyknotic nuclei. Ultrastructural studies of 
cellular organelles reveal an early but reversible swelling of mitochondria 
that creates the microvacuolated appearance of ischemic neurons. Later, a 
dispersion of polyribosomes, a decrease in the amount of the endoplas- 
mic reticulum, vesicular formation in the Golgi cisterns, and condensa- 
tion of the nuclear chromatin occurs. Mitochondria vacuolization, which 
appears within minutes of cerebral reperfusion, is reversible, while the re- 
maining stages of ischemic cell change that develop over a period of a few 
hours will be irreversible (Petito and Pulsinelli 1984). The stage of neu- 
ronal incrustations follows that of microvacuolization. Electromicroscopy 
shows that incrustations are dense packets of neuronal cytoplasm created 
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by swollen astrocytic processes that impinge upon the neuronal mem- 
brane. It is unclear whether homogenized cell change is an obligatory 
stage or develops in parallel with incrustations. It is a later stage of irre- 
versible neuronal injury, which is characterized by homogenous, aci- 
dophilic, and what appears to be structureless cytoplasm and granular 
fragmentation of the nucleus and its membrane. 

Various time-related properties of selective ischemic necrosis have 
been identified: 

1. Ischemic sensitivity stage, the ischemic time interval required to trig- 
ger irreversible injury 

2. Delayed interval stage, the time period after cerebral recirculation but 

before irreversible injury begins 

3. Irreversible stage, the time it takes for irreversible injury to evolve once 

it has been initiated (Graham 1992; Pulsinelli et al. 1982; Kirino 1982) 

As previously mentioned, ischemic sensitivity varies dramatically among 
different neurons. The CA1 zone of the hippocampus succumbs to peri- 
ods of depolarizing ischemia lasting as little as 3 min, while periods of 
15-20 min of severe ischemia are needed to create cell death in medium- 
size neurons in the striatum. Likewise, the interval between cerebral re- 
circulation in the initiation of irreversible injury differs markedly among 
neuronal populations. The comparatively ischemia-resistant medium- 
size striatum neurons show signs of irreversible injury within 48-72 h of 
recirculation, while the onset of irreversible injury to the ischemia-sensi- 
tive CA1 hippocampal neurons occurs in 3 h. Once initiated, the time 
course for the evolution through the various stages of ischemic cell 
change maybe constant (Pulsinelli et al. 1982; (Kirino 1982). 

Neuropathologists define cerebral infarction as an area of pan-necro- 
sis, where all cell types, including neurons, glial, and endothelial cells in- 
volving a defined vascular territory of the brain are dead. The histopatho- 
logical appearance of the fully developed infarct is defined as coagulative 
necrosis affecting all cell types. 

At the margins of the infarct, there is a transition zone containing irre- 
versibly injured neurons but preserved glial and endothelial cells that 
separates the central area of pan-necrosis from normal brain. Since neu- 
ronal injury in this border zone involves all neurons and not only those 
identified to be selectively vulnerable, the term “generalized neuronal 
necrosis” is given. 

Following both global and focal cerebral ischemia, there is delayed neu- 
ronal death found in areas directly exposed to ischemia. Following global 
cerebral ischemia, however, distant nonischemic areas remote from the 
original infarcts are also affected. In rats, one can see necrosis of the ipsi- 
lateral thalamus and ipsilateral substantia nigra a few weeks after occlu- 
sion of the ipsilateral middle cerebral artery (del Zoppo and Garcia 1995; 
Garcia et al. 1995). Since these areas lie outside the ischemic region, de- 
generation of these areas after middle cerebral artery occlusion obvious- 
ly represents secondary ischemia or neuronal damage that takes longer to 
develop. Neuronal cell damage can develop not only via direct insult to the 
nerve cell body, as in the initial ischemic insult, but also (and most likely) 
result from degeneration of the axon. Therefore, two types of neuronal de- 
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generation are proposed as the cause of secondary degeneration in a re- 
mote area following a focal damage. The axon degenerates (Wallerian de- 
generation), along with its terminals and its surrounding myelin sheath. 
These changes are referred to as anterograde degeneration. Conversely, 
insult to an axon also causes the cell body of the affected neuron to react. 
This is termed retrograde degeneration. In addition, both types of degen- 
eration may have an effect across the synapses: transneuronal antegrade 
and retrograde changes (Kelly 1985). Neurons require a certain amount of 
stimulation to survive, and there may be some trophic substances released 
by some synaptic terminals, which are necessary for neuronal survival. 

Delayed neuronal degeneration in areas remote from the cerebral in- 
farction can perhaps be prevented by the application of neurotrophic fac- 
tors and/or neurotransmitter amino acid agonists. This may represent a 
potential therapeutic strategy in the future. 



1.2. 2. 4 Hemodynamic Effects of Ischemia 

In acute stroke, cerebral autoregulation is lost and local cerebral perfusion 
becomes dependent on systemic blood pressure. Changes in blood pres- 
sure (BP), may increase or reduce local cerebral blood flow. At present it is 
not known whether the cerebral hemodynamic changes are reproduced 
(or clinically relevant) in stroke patients. It is conceivable that increases in 
systemic blood pressure could lead to exacerbation of cerebral edema or 
even hemorrhagic transformation of infarction. However, it is equally 
possible that moderate increases in BP are beneficial to outcome by 
increasing local perfusion and improving blood flow. Delayed cerebral 
ischemia after subarachnoid hemorrhage is often treated with a combi- 
nation of hypervolemia, hypertensive agents, and hyperventilation. 

In the INWEST study (Wahlgren et al. 1994), administration of the cal- 
cium channel antagonist nimodipine, which in experimental circum- 
stances exhibits neuroprotective activity, was associated with an increase 
in mortality and adverse stroke outcome. This poor outcome correlated 
directly with a fall in systemic BP observed in the actively treated group. 
Other drugs that result in a significant drop in the blood pressure are also 
likely to have an adverse effect in stroke treatment (Squire et al. 1995). The 
precise relationship between systemic BP and local cerebral perfusion in 
acute stroke is not yet fully understood. 



1. 2.2.5 Nitrous Oxide and Cerebral Ischemia 

Within minutes (3-24 min) following MCA occlusion, NO levels dramati- 
cally increase. Constitutive NOS activity increases during ischemia due 
to an increase in intracellular Ca 2+ . A late but sustained increase in NO 
levels may also occur due to the expression of inducible NOS (the Ca 2+ -in- 
dependent isoform) within the microglial following the inroad of inflam- 
matory cells 24 h after the onset of ischemia. 

During the period immediately following ischemic insult, an increase 
in NO production in vascular endothelium or perivascular nerves may 
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improve blood flow and be neuroprotective. Indeed, the infusion of NO 
precursor L-adenine, which dilates pial vessels and increases cerebral 
blood flow (in normal as well as in ischemic brain), reduces infarct size 
and leads to electrocorticographic recovery when blood flow enhance- 
ment exceeds the functional flow threshold (Dalkara et al. 1994). 

Nonselective inhibition of NO synthesis in vascular endothelium and 
platelets by the administration of methyl-L-arginine following focal is- 
chemia may obscure the neuroprotective effects of NOS inhibition in 
neurons. 

Neuronal NOS knockout mice demonstrate resistance to transient focal 
ischemia (3 h ischemia and 24 h reperfusion) and develop less brain ede- 
ma. A similar finding was seen in global ischemia models of neuronal 
NOS knockout mice. The opposite outcome, aggravation of the ischemic 
lesion, was observed in endothelial NOS knockout mice. Therefore, it 
appears that neuronal NO production contributes to the development of 
ischemic brain injury. Conversely, endothelial NOS seems to have a posi- 
tive effect in the postischemic period. Since vascular nitrous oxide may 
favorably affect the outcome of cerebral ischemia, selective inhibition of 
the neuronal isoform may offer new therapeutic possibilities in brain is- 
chemia (Dalkara and Moskowitz 1997) (Table 1.1). 



1. 2.2.6 Window of Opportunity 

Evidence from animal models on stroke suggests that after an ischemic 
insult, neurological damage spreads out circumferentially from the cen- 
tral core of the infarct (Symon et al. 1974). If ischemia is present for over 
1 h, the volume of the infarct gradually enlarges to its maximal size over a 
period of 3-4 h in rodents (Kaplan et al. 1991) and over a period 6-8 h in 
nonhuman primates (Ackerman et al. 1989). Evidence from human stud- 
ies using positron emission tomography (PET) scanning suggests this 
time window may even extend up to more than 48 h in patients with 
stroke. This phase, termed misery perfusion, (i.e., locally reduced flow) is 
present in 100% of patients scanned within 9 h of the ischemic insult and 
in 30% of patients if scanned within 4 days of the event (Baron et al. 1981, 
1983). Ischemic but viable tissue can be demonstrated for up to 48 h after 
the onset of stroke (Heiss et al. 1992). Consequently, there is a rationale for 
initiating and continuing neuroprotective treatment up to 48 h after 
stroke onset, although to date, no clinical trial has been able to show a 
beneficial effect in acute stroke. 

Since regional blood flow abnormalities tend to resolve in most cases 
after 3-4 days, it is likely that these areas are reperfused via collateral ves- 
sels that develop, or mature in the intervening time. During this period, 
cerebral autoregulation is deranged and consequently constant perfusion 
levels in the face of fluctuating systemic BP cannot be maintained. Collat- 
eralization may simply lead to reperfusion injury. It therefore would seem 
logical to protect patients during this time of collateralization and cere- 
bral autoregulation derangement (i.e., for 3-4 days after onset) (Back 1998). 




Epidemiology 23 



7 .2.2.7 Neutrophil 

Neutrophil leukocytes play a major role in the development and matura- 
tion of cerebral infarction and are involved in certain aspects of reperfu- 
sion injury (del Zoppo et al. 1991). Neutrophil adhesion is mediated by 
specific adhesion molecules that are essential in initiating the release of 
cytotoxins and controlling cellular activation. Monoclonal antibodies to 
these adhesion molecules (i.e., anti-CD 11 and anti-CD 18) also reduce in- 
farction volume, but are unsuitable for clinical use because of their im- 
munogenicity (Clark et al. 1991; Chen et al. 1994; Chopp et al. 1994). 

Neutrophil leukocytes may also aggravate the ischemic injury by the re- 
lease of the NOS inducible isoform (Table 1.1). 



1.2.3 Atherosclerosis 
7.2.3. 7 Introduction 

Atherosclerosis involves the aorta more extensively and earlier than other 
vessels and the abdominal aorta is more widely involved than the aortic 
arch or the thoracic aorta. The pulmonary, renal, and mesenteric arteries 
are least susceptible. Upper limbs are less frequently involved than lower 
limbs. Fatty streaks (the earliest lesion of atherosclerosis) may be seen in 
the aorta in infancy and early childhood. Lesions in the vertebral and in- 
tracranial arteries appear much later in life. 

What makes certain segments of the vascular tree more prone to devel- 
oping atherosclerosis than others is not entirely known. Local hemody- 
namic factors and rheological factors have been thought to be respon- 
sible. Atherosclerotic plaques tend to form at areas of low sheer stress, 
with bifurcations being particularly vulnerable (Strong 1992). However, 
it is possible that the vasculogenesis of the brachiocephalic arteries plays 
a role in determining the specific distributions where atherosclerotic 
changes later occur (Vol. 1, Chap. 1, p. 24). 

The lesions of atherosclerosis occur principally in large and medium- 
sized elastic and muscular arteries. 

Monckeberg disease, also referred to as medial calcified sclerosis in 
atherosclerosis, commonly affects medium-sized arteries such as the ra- 
dial, ulnar, and tibial arteries. It is characterized by calcifications in the 
tunica media. 



1. 2.3.2 Epidemiology 

Extracranial carotid artery disease is more common in Caucasians than 
in Afro-Americans, Hispanics, and Chinese or Japanese (Table 1.4). Intra- 
cranial MCA occlusive disease occurs in younger people and more frequent- 
ly in females, Asians and Blacks. Hypertension and diabetes are risk factors 
for arteriosclerosis that result in proliferative and hyaline changes in the ar- 
terioles. Smoking induces relatively dense fibrotic lesions, whereas hyper- 
cholesterolemia causes largely fat additions (Caplan et al. 1986) (Table 1.8). 
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1.23.3 Pathogenesis 

Atherosclerosis is considered an inflammatory disease (Ross 1999). The 
process of atherogenesis consists of the accumulation of lipids within the 
arterial wall. The lesions of atherosclerosis represent a series of highly 
specific cellular and molecular responses that can best be described col- 
lectively, as an inflammatory disease (Ross 1986, 1993a, b; Ross and Glom- 
set 1973, 1976) 

The microscopic appearance of atherosclerosis is characterized by 
raised thickenings that present characteristic histological features and 
cellular changes, depending upon the composition, location, and exten- 
sion at the site of the lesion. 

The various abnormalities begin with the earliest type of lesion, the so- 
called fatty streak, which is a purely inflammatory lesion, consisting only 
of monocyte-derived macrophages and T lymphocytes (Stary 1994). In 
persons with hypercholesterolemia, the influx of these cells is preceded by 
the extracellular deposition of amorphous and membranous lipids 
(Napoli et al. 1997; Simionescu et al. 1986). 

Multiple observations point to the hypothesis that atherosclerosis is a 
response to injury in which the first insult is denudation of the endotheli- 
um (Ross 1973a). The most recent version of this hypothesis, however, em- 
phasizes endothelial dysfunction rather than denudation (Ross 1999). 
Possible causes of endothelial dysfunction leading to atherosclerosis in- 
clude elevated and modified low-density lipoprotein (LDL); free radicals 
caused by cigarette smoking, hypertension, and diabetes mellitus; genetic 
alterations; elevated plasma homocysteine concentrations; and a combi- 
nation of these or other factors. Recently, it has been demonstrated that 
atheromatous plaques removed from carotid arteries frequently harbor 
infectious microorganisms such as herpes viruses and Chlamydia pneu- 
moniae, despite negative serology. The cause of this association remains 
speculative (Ross 1999; Grayston et al. 1995). 

Furthermore, epidemiological studies have shown a link between fetal 
growth and cardiovascular disease, with the risk of carotid artery steno- 
sis being greater in people who weighed 6.5 lb or less at birth (Martyn et 
al. 1998). 

1.23.4 Mechanisms of Atherogenesis 

Atherogenesis is multifactorial. LDL retention is both necessary and suf- 
ficient to initiate atherogenesis. The response to retention theory main- 
tains that the rate of LDL entry into the arterial wall is no different in the 
lesion-prone aorta compared to the nonlesion prone aorta (Williams and 
Tabas 1995). What is different, however, is the degree of retention of LDL 
at these sites, rather than the increase permeability to LDL (Table 1.9). 

Whichever process is at work, each characteristic lesion of atheroscle- 
rosis represents a different stage in a chronic inflammatory process in the 
artery that, if, left unabated and excessive, will result in an advanced, com- 
plicated lesion (Ross 1981, 1986, 1993a; Ross and Glomset 1973, 1976). The 
compensatory responses alter the normal homeostatic properties of the 
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Table 1.9. Mechanisms of atherogenesis 



Fatty streak 


Inflammatory lesion 


Ma-Tl, foam cells 


Chlamydia 
pneumoniae, herpes 


Intermediate 


Migration and prolife- 


Ma-Tl ++ 


Endothelial dysfunc- 
tion in LDL metabo- 
lism 

Smooth muscle cell 
migration and prolif- 
eration 

Platelet activation 
Blood flow 


lesion 

Remodeling 


ration of smooth 
muscle 

Arterial wall thickening 


Ma-Tl ++++ 




Fibrous 


and vasodilatation 
++ Foam cells, prolife- 


release hydrolytic 

enzymes 

Collagenized 




plaque 
Fibrous cap 


ration of smooth muscle 
cells 

Restructuring of the 


Ma-Tl ++++++ 




Unstable 


lesion 

Erosion of fibrous cap; 


release hydrolytic 
enzymes - focal 
necrosis 

Ma-Tl +++++++ 




fibrous 

plaque 

Advanced 


hemorrhage, thrombus 
formation, occlusion 
Core of lipid and necrotic 


Loss of compen- 




complicated 


tissue, ulceration, throm- 


sation and arterial 




lesion 


bosis, Ca ++ , cholesterol 


stenosis 






crystals, emboli 







Ma-Tl, macrophages-T lymphocytes. 



endothelium, resulting in increased adhesiveness of the endothelium with 
respect to leukocytes and platelets, as well as increased permeability. The 
injury also induces the endothelium to have procoagulant instead of anti- 
coagulant properties and to produce vasoactive molecules, cytokines, and 
growth factors. In addition, macrophages also play a vital role in this fi- 
broproliferative process by secreting growth factors such as PDGF, tumor 
necrosis factor alpha, interleukin- 1 and fibroblast growth factor (FGF). 

If the inflammatory response does not effectively neutralize or remove 
the offending agents, it may continue indefinitely, stimulating migration 
and proliferation of smooth-muscle cells that become intermixed with the 
area of inflammation to form an intermediate lesion. 

If the response continues unabated, arterial wall thickening and grad- 
ual compensatory vessel dilation occurs, which up to a certain point 
maintains the luminal diameter. This phenomenon is termed remodeling 
(Glagov et al. 1987). 

Throughout every stage of the disease, the response is mediated by 
monocyte-derived macrophages and specific subtypes of T lymphocytes 
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(Jonasson et al. 1986; van der Wal et al. 1989). As for inflammatory cells, 
granulocytes are rarely present during any phase of atherogenesis (Stary 
1996). 

Continued inflammation results in increased numbers of macrophages 
and lymphocytes migrating from the blood and multiplying within the le- 
sion. Activation of these cells leads to the release of hydrolytic enzymes, 
cytokines, chemokines, and growth factors (Libby and Ross 1996; Raines 
et al. 1996), which induces further damage and eventually leads to focal 
necrosis (Falk et al. 1996). Repeated cycles of these events lead to enlarge- 
ment and restructuring of the lesion, which eventually becomes a fibrous 
cap overlying a core of lipid and necrotic tissue, the so-called advanced 
complicated lesion. At some point, the artery can no longer compensate by 
dilation; the lesion may then intrude into the lumen and alter the blood 
flow (Ross 1999). 

Various cell types and circumstances play an important and synergetic 
role in the formation of the atherosclerotic lesion (Ross 1992; Manjo and 
Joris 1994; Kocher et al. 1988; Davies 1993; Davies and Hagen 1994; 
Stebens 1995). 

Endothelial Cells 

Endothelial cells produce vasoactive agents such as nitrous oxide and 
prostacyclin; they also elaborate thrombomodulin and tissue plasmino- 
gen activator, which maintain the nonthrombogenic nature of the vessel 
wall. Endothelial cells can modify LDL and transport it across the en- 
dothelial lining and make it available to the macrophages for phagocyto- 
sis. Presence of apolipoprotein (a) is probably responsible (at least in part) 
for the dysfunction in the metabolism of LDL by the endothelium and ear- 
ly atherogenesis. Other cells such as mast cells, which affect LDL ingestion 
by macrophages, have some role in atherogenesis. 

The role of endothelial cell dysfunction in the adherence of leukocy- 
tes, has been shown to be mediated by both the vascular endothelial ad- 
dition molecule (VCAM-1), selective for monocytes, and by the trans- 
portation of lipoproteins, which they modify by an oxidative process, 
making them available for macrophages. Endothelial cells also take part 
in the coagulation process and secrete a number of cytokinases that in- 
duce the expression of genes for various mitogens (e.g., PDGF, IL-1, 
etc.), most of which are important for the development and progression 
of fatty streaks. 

Smooth Muscle 

Smooth-muscle cells, under the influence of certain stimulants, also se- 
crete growth factors and act as the main connective tissue component 
within the plaque. Monocytes, when activated, synthesize and secrete a 
variety of very active agents, including growth factors and mitogens that 
may act on other cell types within the lesion, and in addition, they may in- 
duce free-radical production. Platelets also contain several growth factors 
or mitogens and play a prominent role in the coagulation process (pro- 
and anticoagulants), resulting in hemorrhage or thrombosis within the 
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plaque. Lymphocytes, predominately T cells, when activated, play an im- 
portant role in the immune or autoimmune response. 

Platelets 

Platelets are important in maintaining vascular integrity in the absence of 
injury and protect against spontaneous hemorrhage. Activated platelets 
can accumulate on the walls of arteries and recruit additional platelets 
into an expanding thrombus. An important component of the platelets is 
the glycoprotein Ilb/IIIa receptors, which belong to the integrin super- 
family of adhesion-molecule receptors and appear on the surface of 
platelets during platelet activation and thrombus formation. These recep- 
tors serve an important hemostatic function and antagonists to them pre- 
vent thrombus formation in patients who have had a myocardial infarc- 
tion (Badimon et al. 1997). 

Platelet adhesion and mural thrombosis are critical in the initiation 
and generation of the lesions of atherosclerosis (Ross 1993a). Platelets ad- 
here to dysfunctional endothelium, exposed collagen, and macrophages. 
When activated, platelets release their granules, which contain cytokines, 
and growth factors, which together with thrombin may contribute to the 
migration and proliferation of smooth muscle cells and monocytes 
(Bombeli et al. 1998). Activation of platelets leads to the formation of free 
arachidonic acid, which can be transformed into prostaglandins such as 
thromboxane A, one of the most potent vasoconstricting and platelet-ag- 
gregating substances known, or lead to the formation of leukotrienes, 
which can amplify the inflammatory response. 

Blood Flow 

The nature of the blood flow (i.e., the presence of high shear stress or 
turbulence or decreased flow) appears to be important in determining 
whether lesions occur at the various vascular sites. Changes in flow alter 
the expression of genes that have elements in their promoter regions that 
respond to shear stress. For example, the genes for intercellular adhesion 
molecule-1 (Nagel et al. 1994), platelet-derived growth factor B (Resnick 
et al. 1993), and tissue factors (Lin et al. 1997) in endothelial cells have 
these elements, and their expression is increased by reduced shear stress 
(Mondy et al. 1997). Thus, alterations in blood flow appear to be critical in 
determining which arterial sites are prone to have lesions (Gotlieb and 
Langille 1996; McMillan 1985; Nakashima et al. 1998). Monocytes and T 
cells adhere at these sites, as a result of the activation of adhesion mole- 
cules on both the endothelium and the leukocytes. 

1.2.3. S Fatty Streak 

Atherosclerosis develops as patches within the intima, often in the region 
of flow disturbances, especially near arterial bifurcations. Monocytes 
transform into macrophages and phagocytes, the lipid-forming foam 
cells. Simultaneously, there is migration of smooth-muscle cells from the 
media into the intima (under the influence of PDGF), where some cells 
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participate in the process of phagocytosis, while others remain activated 
or undergo myotrophic changes. Smooth-muscle cells may exist as one of 
two different phenotypes: the contractile or the proliferative form. The 
proliferative form is prominent in lesions, which are clinically irrelevant, 
but is a major problem after restenosis following revascularization and is 
responsible for intima hyperplasia (Pickering et al. 1993). 



1. 2.3.6 Fibrous Plaque 

Once the fatty streak is formed, it may progress into a fibrous plaque, 
regress and disappear, or remain unchanged. As the lesion progresses, on- 
going migration of lymphocytes and monocytes continues into the fatty 
streak. There is further accumulation of foam cells and proliferation of 
smooth-muscle cells. The lesion increases in size as collagen bundles, 
elastic fibers, and other matrix proteins are laid down in the lesion. 
Platelets may adhere to the endothelial layer and attain a subendothelial 
location. This lesion is referred to as a fatty plaque in its early stages and 
as a fibrous plaque as it becomes collagenized. 



1. 2.3.7 Unstable Fibrous Plaques 

Rupture of the fibrous cap or ulceration of the fibrous plaque can rapidly 
lead to thrombosis. This usually occurs as a result of erosion or uneven 
thinning and rupture of the fibrous cap, often at the shoulders that cover 
the advanced lesion where macrophages enter, accumulate, and are acti- 
vated, and where apoptosis may occur (Fuster 1994; Lee and Libby 1997). 
Thinning of the fibrous cap is apparently due to the continuing influx and 
activation of macrophages, which release metalloproteinases and other 
proteolytic enzymes. These enzymes cause degradation of the matrix, 
which may lead to hemorrhage from the vasa vasorum or from the lumen, 
which in turn may cause thrombus formation and occlusion of the artery. 

Stable advanced lesions usually have uniformly dense fibrous caps. Po- 
tentially dangerous lesions are often nonocclusive and thus are more dif- 
ficult to diagnose by angiography. At autopsy, active inflammation is evi- 
dent by the accumulation of macrophages at sites of plaque rupture 
(Davies 1990). 



1. 2.3.8 Complicated Plaque 

Complicated plaque refers to a more advanced lesion, with areas of ulcer- 
ation and/or thrombosis, with or without calcium deposits. Calcified de- 
posits will appear and may be accompanied by areas of necrosis, throm- 
bosis, hemorrhage, and cholesterol crystals. Vascularization from the 
vasa vasorum may be present (WHO/ISFC 1997; Ross 1992; Manjo and 
Joris 1994). 

The chemical composition of the plaque does not seem as important as 
plaque size, degree of stenosis, or plaque ulceration. A high incidence of 
microembolic events, as measured by Doppler ultrasonography, may oc- 
cur with plaque ulceration. Plaque rupture occurs at the site of high ten- 
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sor stress, the junction of the fibrous cap, and the necrotic core with the 
surrounding normal intima. Following plaque rupture, a cascade of events 
may result in mural thrombosis, dislodgment of thrombi and/or multiple 
distal emboli. Following plaque rupture, the necrotic core is exposed and 
is highly thrombogenic, releasing various tissue factors. Various other 
hematological factors such as fibrinogen levels, blood viscosity, lipopro- 
tein (a), and plasminogen activator inhibitors are also implicated in this 
process. 



1.2.3. 9 Carotid Atherosclerosis 

The formation of atherosclerosis of the carotid arteries is multifactorial. 
In addition to the previously described factors, the development of ather- 
osclerosis depends largely on the fluid dynamics within the carotid artery. 
Disease develops principally in the region where wall sheer stress is low- 
est (i.e., in the zone of flow separation), in relation to complex flow pat- 
terns associated with whirlpools, which form near the lateral wall of the 
bifurcation and extend into the carotid sinus. With time, the lesions 
progress, thicken, and often become complicated plaques, leading to se- 
vere stenosis, with or without ulceration. As the stenosis increases, the 
plaque becomes ulcerated and as thrombi form, the possibility of distal 
thromboembolic migration or obliteration of the carotid lumen increas- 
es, with potentially serious clinical consequences (Stebens 1995; Glasgov 
et al. 1988). 



1.2.3.10 Conclusion 

Cells involved in atherogenesis may express different constellations of 
genes and therefore vary phenotypically, depending on their environ- 
ment. Newly developed techniques for DNA analysis should help identify 
which genes are expressed and in what patterns, information that should 
help us to decipher the complex nature of atherogenesis (Shalon et al. 
1996; Ramsay 1998). Patterns of gene expression may vary between dif- 
ferent people or between lesions at different sites in the same individual. 
Because atherosclerosis is a multifactorial disease, understanding pat- 
terns of gene expression may help to explain differences in susceptibility 
to agents that cause disease as well as differences in response to therapy. 

Atherosclerosis is clearly an inflammatory disease and does not result 
simply from the accumulation of lipids. If we could selectively modify the 
harmful components of inflammation in the arteries and leave the pro- 
tective aspects intact, we might create new avenues for management in the 
50% of patients with cardiovascular disease who do not have hypercho- 
lesterolemia (Ross 1999). 
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Table 1.10. Summary of CT and MRI findings in atheroembolic infarction (from 
Montanera et al. 1998) 



Time from symptom onset 


CT 


MRI 


Hyperacute (<6 h) 


Hyperdense middle 
cerebral artery 


Diffusion-weighted MRI 
Perfusion abnormalities 
Absence of normal flow 
void 

Intra-arterial enhancement 


Acute (<24 h) 


Loss of gray- white matter 

differentiation 

Sulcal effacement 


Hyperintensity on 
T2-weighted SE 
Cortical thickening 
Sulcal effacement 


1-7 days 


Wedge-shaped, hypodense More conspicuously bright 
on T2-weighted SE 

Known vascular territory Hypointense on 
T1 -weighted SE 

Cortex and white matter Bright cortical ribbon on 
T1 -weighted SE 

Up to 20% hemorrhage Mass effect more 

prominent 

Onset of patchy or gyral 

enhancement at 3-4 days 

Mass effect 


1-8 weeks 


Gyral enhancement 

Mass effect has peaked, 
begins improving 


Gyral enhancement may 
persist 

Mass effect less prominent 

T1 -weighted bright cortical 
ribbon begins to improve 


Months to years 


Lower attenuation 

Better defined margins 
Loss of cerebral tissue 
volume 

Wallerian degeneration 


Encephalomalacia showing 
tissue loss and high 
T2 -weighted signal 
± Old blood products 
Wallerian degeneration 



1.2.3. 1 1 Neuroimaging of Ischemic Stroke 

Imaging of stroke is beyond the scope of this volume; multiple examples 
are given throughout the book, and to avoid repetition the information is 
in the specific part of the text. Table 1.10 summarizes pertinent comput- 
ed tomography (CT) and magnetic resonance imaging (MRI) findings in 
atheroembolic infarction. There are, however, a number of imaging tech- 
niques that will be addressed in this section. 

Positron Emission Tomography 

Presently, work is underway in a variety of fields to accurately measure 
human cerebral blood flow. 

All evaluations of human cerebral blood flow and metabolism are 
based on the same principles. The accuracy of such measurements is de- 
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pendent upon the spatial and temporal resolution of the technique, as well 
as the sampling volume. Typically, in high-resolution techniques, spatial 
resolution and sampling volume are inversely related. 

Positron emitting isotopes are usually produced in local cyclotrons. 
Their very short half-life, ranging from seconds to minutes, significantly 
limits their applications. The isotopes are chemically integrated into ra- 
diopharmaceuticals with known biological behavior. The resultant com- 
pounds are injected intravenously or inhaled, and data collected by the 
PET instrument is displayed as a 2-D or 3-D tomographic map. 

Typical isotopes include oxygen- 15, carbon- 11, nitrogen- 13, and fluo- 
rin-18. 

At present, PET is used to measure cerebral metabolism, blood flow and 
volume, oxygen utilization, amino acid incorporation, neurotransmitter 
synthesis, and receptor binding (Mazziotta et al. 1997 ). However, PET is 
not universally available. 



1 .2.4 Ischemic Stroke Treatment 
1.2.4. 1 Medical Treatment of Acute Stroke 

In the past, medical management with respect to ischemic stroke was pri- 
marily geared towards prevention, support, and rehabilitation. A new era, 
which uses a proactive approach to therapy, is evolving, and the healthcare 
community is starting to take a much more active role in the immediate 
diagnosis and treatment of acute ischemic stroke. 

Until recently, the only therapy for patients who suffered an acute 
stroke was general supportive management. This included maintaining 
blood pressure, protecting the airways, achieving adequate oxygenation, 
avoiding dehydration and hyperglycemia, treating seizures, and reducing 
temperature. The decision to use anticoagulants depended upon the diag- 
nostic imaging findings (presence of hemorrhage, large area of infarction, 
etc.) (Brandt et al. 1995). 

A new era in acute stroke therapy began with the availability of recom- 
bined tissue plasminogen activator (r-TPA) in 1996. Data obtained from 
the National Institute of Neurological Disorders and Stroke (NINCDS) 
trial demonstrated that intravenously administered (IV) r-TPA within 3 h 
of the onset of stroke improved functional outcome at 3 months (NINCDS 
1995), a duration that has now been extended to 1 year (Kwiatkowski et al. 
1999). In order to treat patients in the limited therapeutic window, sever- 
al mechanisms must be in place, including emergent patient evaluation 
and imaging, in addition to the availability of a monitored care setting 
with personnel trained in acute stroke management. Moreover, education 
is essential. The public needs to be able to recognize stroke symptoms in 
order to obtain emergency evaluation. 

The role of IV versus intra-arterial (IA) treatment is evolving. While the 
IV route has the advantage of providing universal access, the indications 
for IA revascularization continue to increase. 

A better understanding of the pathophysiology of stroke may offer op- 
portunities beyond the hyperacute stage. 
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1. 2.4.2 Thrombolytic Therapy: Introduction 

One of the newest treatments during the acute phase of ischemic stroke is 
the use of thrombolytics. These agents can be administrated either by the 
IV or IA route or in combination. 

While many additional agents are being developed, presently there are 
four primary agents: streptokinase, urokinase, recombined tissue plas- 
minogen activator (r-TPA) and pro-urokinase. Their half-lives vary from 
80 to 6 min. 

The half-life of the various thrombolytic agents may play a role in de- 
ciding if and when a particular agent should be used. In cases in which 
recirculation would be counterproductive such as in patients with longer 
arterial occlusion time, streptokinase should not be employed, since recir- 
culation may extend beyond 6 h. This may account for the high frequency 
of hemorrhagic complications in the MASTE trial (Theron et al. 1990). 

With a 6-min half-life, r-TPA appears to be much more favorable in the 
lenticulostriate stroke group, when injected as a bolus rather than a slow 
infusion. In addition, it is particularly useful in the frequently encoun- 
tered situation when treatment (IA thrombolysis) can only offered ap- 
proximately 5 h after onset of symptoms (Table 1.11). 



1. 2.4.3 Thrombolytics (IV) 

Despite recent encouraging results with IV r-TPA, there is presently 
no widely applicable treatment for the majority of patients with acute 
ischemic stroke, when they present 3 h after the onset of symptoms 
(NINCDS 1995). 



1. 2.4.4 Recombined Tissue Plasminogen Activator 

The results of the NINDS r-TPA study support the use of this medication 
in patients who can be evaluated and treated within the first 3 h after the 
onset of stroke. 

While intravenous r-TPA is not the ideal therapy for acute ischemic 
stroke, its beneficial effect should be characterized as more than just 



Tablet. II. Thrombolytics 



Agent 


Administration 


Half-life 


Dosage 


Streptokinase 


IA 


60-80 min 


- 


Urokinase 


IA 


9-12 min 


1-2,000,000 IU 


r-TPA 


IV, IA 


6 min 


10 mg 


Abciximab (ReoPro) 


IV, IA 


Long, 12 h 


IV 10 mg bolus, IA 4 mg 


Aspirin 


PO,IV 


15-20 min 


- 


Heparin 


IV, SC 


60 min 


- 


Coumadin 


PO 


1. 5-2.5 days 





IV, intravenous; IA, intra-arterial. 
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modest (NINCDS 1995). The study results indicate substantive relative 
differences between the treatment groups; 32%-55% of patients treated 
with r-TPA returned to normal or virtually normal clinical status 
3 months after the ictus, an 1 1%— 13% absolute increase compared to the 
control group (NINCDS 1995). This was a statistical improvement in out- 
come based on direct comparisons of the various parameters studied (Na- 
tional Institutes of Health Stroke Scale, modified Rankin Scale, Barthel In- 
dex, and Glasgow Outcome Scale). Analysis of the median National Insti- 
tutes of Health Stroke Scale score 24 h after therapy revealed considerably 
better results (p< 0.002) in patients treated with r-TPA. It is reasonable to 
assume that such early gains translate into more clinically relevant func- 
tion 3 months later, and these improvements were sustained at 1 year 
(Kwiatkowski et al. 1999). Similar benefits were seen in the European Co- 
operative Acute Stroke Study (ECASS) (Hacke et al. 1955) when data were 
analyzed according to the NINDS r-TPA trial criteria. The increased risk 
of intracerebral hemorrhage when utilizing r-TPA was associated with 
several factors, including stroke severity, early changes indicative of in- 
farction on baseline CT scans, and uncontrolled hypertension (Anony- 
mous 1995; Hacke et al. 1995). While this risk of hemorrhage is of great 
concern, and while in the NINDS r-TPA trial more fatal hemorrhages 
occurred in the treated than in the placebo group (2.9% vs. 0.3%), the 
incidence of such hemorrhages was actually less than anticipated before 
the study began; despite this complication, the overall mortality rate at 
3 months was slightly lower in the treated group than in the placebo group 
(17% vs. 21%, respectively) (Anonymous 1995). 

There are substantial restrictions to the use of IV r-TPA treatment for 
acute ischemic stroke and r-TPA should not be given to every patient pre- 
senting to the emergency department with an acute stroke. In fact, this 
medication will be used infrequently if strict NINDS criteria are applied. 
Of 17,324 patients screened in the NINDS r-TPA trial, only 624 patients 
fulfilled the inclusion criteria (Boissel 1996; Hacke et al. 1997). Nonethe- 
less, the positive risk-benefit ratio of the study (Anonymous 1995; Furlan 
and Kanoti 1997) indicates that for appropriately selected patients, IV 
r-TPA should be given. 



1.2.4.5 Streptokinase 

Streptokinase is no longer used in stroke management, due to its long 
half-life of 60-80 min and increased hemorrhagic complication rates. The 
relative fibrin-bound plasminogen specificity of r-TPA, as opposed to the 
circulating plasminogen activation of streptokinase, and r-TPA’s shorter 
half-life (Verstraete and Collen 1986) have made the use of streptokinase 
problematic. 
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1.2.4.6 Antiplatelets 

Platelets are important in maintaining vascular integrity in the absence of 
injury and protecting against spontaneous hemorrhage. Activated platelets 
can accumulate on arterial walls and recruit additional platelets into an 
expanding thrombus. Antiplatelet agents are a heterogeneous class of 
drugs that have been used successfully in stroke prevention for more than 
two decades. 

Antiplatelet therapy for acute stroke, except for aspirin, has received 
little attention until very recently. There has been a general reluctance to 
employ any aggressive therapeutic strategy for the treatment of acute 
cerebral ischemia. This reluctance originates from the long-standing be- 
lief that the therapeutic window of opportunity for stroke was too short 
to realistically expect that any intervention could improve the natural his- 
tory of the disease. This philosophy surfaced in the early 1960s when at- 
tempts to treat stroke with thrombolytics (streptokinase) and anticoagu- 
lants resulted in an increased mortality rate (Bednar and Gross 1999). An 
improved understanding of the pathophysiology of stroke, along with the 
development of stroke animal models, has permitted significant advance- 
ment in our understanding of various therapeutic options and their ap- 
propriate applications. 

In the early 1980s, the concept of intensity-duration of cerebral is- 
chemia was established. That is, the greater the intensity of the ischemic 
event the less time is necessary to demonstrate the same degree of per- 
manent injury (Jones et al. 1981). The results of this study suggest the 
maximal time frame for treatment of acute ischemic stroke to be in the 
range of 6 h rather than the previously accepted time frame of 24-48 h. 
Antiplatelet agents (i.e., aspirin) and thrombolytics have been successful- 
ly used in the treatment of acute myocardial infarction (MI) and were 
shown to reduce mortality. The combined use of antiplatelet agents and 
thrombolytics was also found beneficial (Verstraete 1991; ISIS-2 1988). 
The success of these therapies in treatment of acute myocardial infarct 
suggests that they may play a major role in the treatment of ischemic 
stroke. 

In experimental animals with acute cerebral ischemia, antiplatelet ther- 
apy has been recently combined with thrombolytics, and in humans it has 
been used in the treatment of MI (MAST-I 1995). Dual therapy of an- 
tiplatelets and thrombolytics improved the patency rate and reduced in- 
farct size when compared with thrombolytic therapy alone (Umemura et 
al. 1993; Bednar and Gross 1999). The rationale for the use of adjuvant 
therapy in acute stroke is based upon the urgent need for treatment with- 
in the 3- to 6-h window of opportunity (IV or IA), as well as to prevent re- 
occlusion. 

Aspirin 

Aspirin only partially inhibits platelet aggregation by inhibiting the pro- 
duction of the potent vasoconstrictor and platelet activator, thromboxane 
A (TXA) sub 2 relative to prostacyclin, a vasodilator and platelet inhibitor 
(Coller 1955). 
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Although aspirin therapy has been conclusively shown to reduce both 
the incidence of and mortality from MI, irrespective of the dose adminis- 
tered (Anonymous 1988), there is considerable controversy surrounding 
the optimal dose of aspirin for stroke prevention following TIAs (Barnett 
et al. 1996; Hart 1996; Dyken et al. 1992; CAPRIE Steering Committee 
1996). Indeed, in some clinical studies, high-dose (15-20 mg/kg) aspirin 
therapy was more effective than low-dose aspirin in preventing stroke af- 
ter TIA. Although there is some controversy concerning these studies 
(Bednar and Gross 1999), the effects of higher doses of aspirin on the 
arachidonic acid (AA) cascade are well accepted and include the complete 
inhibition of both TXA sub 2 and prostacyclin production. 

Adenosine Receptor Antagonists 

Ticlopidine hydrochloride and clopidogrel selectively inhibit the bind- 
ing of adenosine diphosphate to its platelet receptor and block adeno- 
sine diphosphate-dependent platelet activation (Fitzgerald and Patrono 
1998). 

These platelet inhibitors inactivate only one pathway of platelet activa- 
tion. Despite optimal inhibition of a specific pathway, platelet activation 
occurs through other pathways. Regardless of the stimulus for activation, 
platelet-to-platelet interaction and thrombus formation is ultimately reg- 
ulated through the glycoprotein (GP) Ilb/IIIa receptor complex. These ob- 
servations provide the rationale for pharmacological intervention direct- 
ed against the GP Ilb/IIIa receptor. 

Platelet Glycoprotein Ilb/IIIa Receptor Antagonists 

Platelets play a critical role in thrombus formation. Platelet function de- 
pends upon the interactions of membrane glycoproteins (GPs) that act 
as receptors for adhesive proteins and appear on the surface of platelets 
during platelet activation and thrombus formation. These receptors 
serve an important hemostatic function (Badimon et al. 1997). The most 
abundant receptors are the integrin superfamily of adhesion-molecule 
receptors, which include GP Ilb/IIIa (fibrinogen), fibronectin, and vit- 
ronectin receptors. The integrins consist of hetero dimeric molecules 
composed of a and (5 subunits (Hynes 1992). The surface of the resting 
platelet contains 50,000-80,000 copies of the GP Ilb/IIIa (a-sub lib and 
(5- sub Ilia) receptor (Lefkovits et al. 1995; Marcus 1996). Agonists of 
platelet activation facilitate the configurational changes necessary for 
the receptor to become receptive to fibrinogen. Von Willebrand factor, 
and vitronectin (Plow et al. 1985). The ligands all contain the identical 
peptide sequence, arginine-glycine-aspartic acid (single-letter code, 
RGD). Fibrinogen is by far the most important ligand for Ilb/IIIa, pro- 
bably because of its high plasma concentration (Marcus 1996). Fibrino- 
gen simultaneously binds to GP Ilb/IIIa receptors on two separate 
platelets (Plow et al. 1987), resulting in platelet cross-linking critical to 
platelet aggregation (Table 1.12). 

The platelet glycoprotein (GP) Ilb/IIIa receptor is the final common 
pathway of platelet aggregation. 
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Table 1.12. Glycoprotein Ilb/IIIa receptor 



Reversibility Reversibility 

without platelets with platelets 


Abciximab 


Monoclonal antibody 


12 h 


Yes 


(ReoPro) 








Eptifibatide 


Peptide receptor antagonist 


4-6 h 


No 


Tirofiban 


Nonpeptide receptor antagonist 


>4h 


No 



Table 1.13. Glycoprotein Ilb/IIIa antagonist 






Platelets bound half-life 


Plasma half-life 


Abciximab (ReoPro) 


Long (hours) 


Minutes 


Eptifibatide 


Short (minutes) 


2.5 h 


Tirofiban 


Short (seconds) 


1.8 h 



The pathways of platelet activation indicate platelet-activating factors 
(PAF): adenosine diphosphate (ADP) — > thromboxane A (TXA) — > GP 
Ilb/IIIa, glycoprotein Ilb/IIIa; and epinephrine (Fuster et al. 1992). 

Immediately (within 1-24 h) after spontaneous or mechanical injury, 
thrombosis with platelet deposition and fibrin formation begins. It is usu- 
ally mural and subocclusive (Falk 1991). Plaque disruption activates the 
coagulation cascade leading to thrombin generation, and thrombin gen- 
erated by arterial injury is a powerful platelet activator. Exposures of 
deeper components of atherosclerotic plaques (collagen, tissue necrosis 
factor, etc.) are also potent platelet stimuli. Foreign devices that damage 
the endothelium such as angioplasty balloons used for dilatation and/or 
stents will further stimulate platelet aggregation. These receptors serve an 
important hemostatic function, and antagonists to them prevent throm- 
bus formation (Badimon et al. 1997). 

Glycoprotein Ilb/IIIa receptor antagonists include (a) the monoclonal 
antibody abciximab; (b) the peptide receptor antagonist eptifibatide; and 
(c) the nonpeptide receptor antagonists tirofiban and lamifiban. Numer- 
ous oral nonpeptide mimetics of the GP Ilb/IIIa receptor antagonists 
are in clinical development and may replace present antiplatelet regimes 
used prior to endovascular interventions (Tables 1.12, 1.13) (Vorchheimer 
et al. 1999). 

Present knowledge on the value of GP Ilb/IIIa receptor antagonists 
comes from the cardiac literature. Individual experiences on the effec- 
tiveness of these antagonists used after embolic complications in the 
cerebral circulation appear to support its benefit in the management of 
cerebral ischemia and stroke (Connors 2000). Microvascular thrombosis 
occurs as an ongoing, dynamic process after the onset of stroke. Even if 
the site of major arterial occlusion is recanalized after the acute occlusion, 
thrombosis at the microvascular level may continue to occur at distal 
sites, reducing postischemic flow and contributing to ongoing neuronal 
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death. Choudhri and co-workers (1998) measured the effects of GP Ilb/IIIa 
receptor antagonists (SDZ GPI 562) 23 h after reperfusion. These antago- 
nists were administered before and after the onset of MCA occlusion in a 
murine stroke model for a duration of 45 min. When the antagonist was 
administered immediately before MCA occlusion, platelet accumulation 
was reduced by 48%, and fibrin accumulation was reduced by 47%. GPI 
562 exhibited a dose-dependent reduction of cerebral infarct volumes, as 
well as improvement in postischemic cerebral blood flow. GPI 562 was 
shown to reduce cerebral infarct volumes by 70%. There was an increase 
in intracranial hemorrhage (ICH) at the highest doses tested when the an- 
tagonist was given immediately after the withdrawal of the MCA occlud- 
ing suture. The cause may be the immediate reperfusion. 

The efficacy of platelet Ilb/IIIa inhibitor, when used for stenting, has 
been evaluated in the EPISTENT (coronary) trial of abciximab (ReoPro) 
in which 2,399 patients underwent elective coronary stenting. The pri- 
mary end points (composite 30-day death, MI, or urgent need for revas- 
cularization) occurred in 10.8% of patients treated with stent plus place- 
bo, but in only 5.3% of those in the stent plus abciximab group (pcO.OOl), 
and in 6.9% of those treated by balloon angioplasty plus abciximab 
(p= 0.007; PARADIGM Investigators 1998). In this study, as in all others, 
treatment benefits were observed within hours following intervention 
and were sustained after 6-12 months, regardless of revascularization 
technique. These findings strongly suggest that treatment with glycopro- 
tein Ilb/IIIa receptor antagonists is beneficial in the setting of stent im- 
plantation at the coronary artery level. 

The routine use of antiplatelets such as ticlopidine prior to carotid an- 
gioplasty and stenting (CAS) is well accepted. Although the effectiveness 
of GP Ilb/IIIa is still anecdotal, the ability of these agents to revascularize 
at the time of occlusive complications (even when thrombolytics were un- 
able to do so) has been very impressive. Many investigators involved in 
cerebral revascularization are therefore following the cardiac experience 
of prophylactic use of abciximab (ReoPro) (Lilly Research Laboratories, 
Indianapolis, IN, USA) in high-risk patients. 

This group of drugs can also be used in selective cases where thrombus 
is forming at the site of an endovascular device (Fig. 14.101). 

One of the most intriguing aspects undergoing investigation involves 
the choice of antiplatelet agent. Only aspirin was used in the CEA trials, 
and retrospective evidence suggests that the perioperative morbidity 
could have been reduced if high-dose aspirin (650 mg twice daily) had 
been used in all surgical patients. A combination of aspirin and ticlopi- 
dine has been shown to be even more effective than a combination of as- 
pirin plus anticoagulation in coronary angioplasty and stenting (Mendel- 
sohn et al. 1998). The value of the newer glycoprotein GP Ilb/IIIa receptor 
antagonists (GPA) may be of even greater benefit. 

Adjunctive Heparin. Heparin is administered routinely during interven- 
tional procedures. The low-dose, weight-adjusted regimen used in the EPI- 
LOG study [70 U/kg bolus, target activated clotting time (ACT) of over 
200 s] was associated with the most favorable risk-benefit profile (Anony- 
mous 1997). 
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In the absence of specific data regarding heparinization, this heparin 
regimen can also be used for patients undergoing interventional proce- 
dures treated with GP Ilb/IIIa receptor antagonists (Anonymous 1994; 
Aguirre et al. 1995). The optimal parameters and duration of unfraction- 
ated heparinization to be used with GP Ilb/IIIa receptor antagonists has 
not been determined. It is unknown whether low-molecular-weight he- 
parin or other direct thrombin inhibitors would prove safer and more 
effective than unfractionated heparin in conjunction with GP Ilb/IIIa re- 
ceptor antagonists (Vorchheimer et al. 1999). Several coronary trials stud- 
ied GP Ilb/IIIa receptor antagonists used in conjunction with throm- 
bolytics. These small pilot trials showed acceptable safety profiles and 
modest benefits in angiographic or electrocardiograph markers of reper- 
fusion, but no differences in major clinical end points (Ohman et al. 1997; 
PAPADIGM Investigators 1998). More recent cardiac trials are studying 
the role of abciximab (ReoPro; Lilly Research Laboratories, Indianapolis, 
IN, USA) combined with lower-dose thrombolytic agents for MI patients 
in an ER setting. The results of abciximab plus half-dose (50 mg) acceler- 
ated tissue-type plasminogen activator showed no increase in complica- 
tions or cerebral hemorrhage (Antman et al. 1998). We would like to cau- 
tion the use of multiple agents and combination agents in neurological 
applications, until we learn more about the interaction and synergism of 
such combinations. 

Safety of GP Ilb/IIIa Receptor Antagonists. The safety of GP Ilb/IIIa 
receptor antagonists has been evaluated and no increase in intracerebral 
hemorrhage has been observed. The majority of the reported bleeding 
events occurred at the vascular access puncture sites in patients under- 
going percutaneous interventions. Reduction in the heparin dose to a 
level whereby the activated partial thromboplastin time (PT) would be 
between 2.0 and 2.5 times control is recommended at the time of percuta- 
neous interventions. A target-activated partial thromboplastin time (PTT) 
of 70 s or an activated clotting time (ACT) of 300 s during percutaneous 
coronary interventions reduced the incidence of vascular access site com- 
plications to levels comparable to controls (Investigators 1997). In emer- 
gencies, the use of platelet transfusion may be life saving. However, the 
need for platelet transfusion to treat life-threatening bleeding is extreme- 
ly uncommon (Vorchheimer et al. 1999). 

For patients undergoing percutaneous interventions with abciximab 
plus low-dose heparin, platelet transfusions were required in 2.1% of pa- 
tients in the CAPTURE study (Anonymous 1997). 

Platelet transfusions may be required for patients treated with GP 
Ilb/IIIa receptor antagonists undergoing urgent surgery. Thrombocy- 
topenia as a side effect when using GP Ilb/IIIa receptor antagonists ap- 
pears to be higher (0.4%-1.4%). In a composite analysis of all abciximab 
trials, the incidence of thrombocytopenia increased from 0.35% to 1.0% 
in patients treated with GP Ilb/IIIa receptor antagonists. 

In patients receiving abciximab, platelet transfusions may be required. 
Since the onset of profound thrombocytopenia is generally acute, platelet 
counts should be measured within the first 2-4 h after a GP Ilb/IIIa re- 
ceptor antagonist has been administered and should be followed through- 
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out the course of therapy (Vorchheimer et al. 1999). It is unclear as to 
whether the abciximab antibody can be readministered without a signi- 
ficant increase in the incidence of immunological reactions (Coller 1997; 
Madan et al. 1997). Preliminary results of a prospective registry of 4,500 
patients undergoing percutaneous coronary intervention, including ap- 
proximately 500 patients receiving abciximab readministration, showed 
both a similar efficacy and incidence of hypersensitivity and anaphylaxis 
as compared to first-time abciximab recipients. There was also no signif- 
icant increase in the incidence of severe thrombocytopenia (Tcheng et al. 
1998). 



1. 2.4.7 Coumadin Versus Aspirin 

The efficacy of warfarin versus aspirin for the prevention of major vascu- 
lar events, including ischemic stroke, myocardial infarction, or sudden 
death, has been studied in the Warfarin Versus Aspirin Symptomatic In- 
tracranial Disease Study. It included patients who were symptomatic with 
50%-99% stenosis of a major intracranial artery (carotid; anterior, mid- 
dle, or posterior cerebral; vertebral; or basilar). Kaplan-Meier analysis 
showed a significantly higher percentage of patients free of major vascu- 
lar events among patients treated with warfarin (p=0.01). Five out of 88 
patients (5.4%) treated with warfarin had a stroke over a mean 19-month 
follow-up, compared with 14.3% of patients treated with aspirin who suf- 
fered a stroke in the territory of the stenosis. An additional 9.5% suffered 
a stroke in a different territory than the stenosis, for a combined stroke 
rate of 23.8%. 

Major hemorrhagic complications occurred in three patients on war- 
farin (including two deaths), during 166 patient-years of follow-up and in 
none of the patients on aspirin during 143 patient-years of follow-up. This 
study suggests a favorable risk-benefit ratio for warfarin compared with 
aspirin for the prevention of major vascular events in patients with symp- 
tomatic intracranial large-artery stenosis (Chimowitz et al. 1995). 



1. 2.4.8 Neuroprotective Agents 

The role of neuroprotective agents is one of the more active areas of basic 
and clinical research in the treatment of ischemic stroke. We will review 
some of the principles and potential applications of these agents proposed 
for use at the time of ischemic brain management (Dyker and Lees 1998). 

It is likely that the lack of efficacy of thrombolysis beyond 3 h results at 
least in part from reperfusion injury and the potential of hemorrhagic 
transformation of the infarcted tissue. Because both free-radical scav- 
engers and leukocyte adhesion inhibitors may reduce reperfusion injury, 
they should be considered as possible adjuvant therapy in combination 
with thrombolytic treatment. Reperfusion promoted by thrombolytic 
drugs probably occurs within at most a few hours of drug administration, 
and spontaneous reperfusion may occur up to a few days after occlusive 
stroke. If combination therapy with a neuroprotective agent and a throm- 
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bolytic drug is contemplated, it should be sufficient to initially administer 
the drugs together and then maintain treatment with the neuroprotective 
agent for 2-3 days. The addition of neutrophil adhesion inhibitors such as 
certain antibiotics may be of benefit in intra-arterial treatment of stroke. 

Cytotoxic injury following ischemic stroke evolves over at least 4 h in 
rodents and possibly beyond 48 h in humans. In addition, autoregulation 
and local cerebral perfusion are deranged for approximately 72 h in pa- 
tients with stroke. At present, little is known about the effect of stroke on 
the integrity of the BBB, which is crucial in determining the penetration 
of less lipophilic compounds into the brain. In acute cerebral ischemia, hy- 
drophilic compounds may cross the BBB and thus enter infarcted or isch- 
emic tissue. Neuroprotection should probably be provided during this 
critical time. A number of neuroprotective compounds are in the ad- 
vanced stages of clinical development after encouraging results from pre- 
clinical studies (Dyker and Lees 1998). There has been, however, no con- 
sistent approach to dosing schedules, optimal type of compound, or com- 
binations for these novel treatments. 

In animal models of stroke and in humans, the effects of cerebral is- 
chemia are manifested on the cerebral metabolism rapidly, with a time 
scale measured in minutes or hours (Pulsinelli et al. 1982; Heiss 1983; As- 
trupetal. 1981). 

Any form of potential neuroprotective treatment should therefore be 
given by the most rapidly effective route, which in practice means intra- 
venously. In an ideal scenario, neuroprotective plasma and central nerv- 
ous system levels of drugs would be attained immediately. This is widely 
recognized and is supported by the results of recent thrombolysis trials 
(NINCDS 1995; Hacke et al. 1995; Hommel et al. 1995; MAST-I Group 
1995) and by meta-analysis of the nimodipine trial results (Mohr 1994). 
The outer therapeutic time limit will be established only by large-scale tri- 
als of a proven therapy that does not carry the risks associated with 
thrombolysis. Other questions that remain include how long and by what 
route adjuvant therapy should be administered. 

The optimal duration and route of administration of treatment will de- 
pend on the individual pharmacokinetic properties of the neuroprotec- 
tive compound, on the adverse-effect profile of the drug, and on the na- 
ture of the insult that gave rise to the stroke. For example, it would be 
desirable to maintain neuroprotection throughout recurrent episodes of 
cerebral ischemia, i.e., recurrent cardiac embolism. Neuroprotectives may 
play an important role in the endovascular suite, where some of these 
agents could be used prophylactically or at the time of an accidental vas- 
cular occlusion. 



1. 2.4.9 Pharmacological Properties of Neuroprotective Drugs 

Ideally, any compound utilized in the treatment of stroke should ade- 
quately cross the BB in order to obtain therapeutic levels within brain tis- 
sue and the CSF. Highly lipid soluble drugs penetrate the cerebral tissues 
more rapidly and are cleared more slowly from neural tissue when com- 
pared to hydrophilic agents (Steinberg et al. 1994). 
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Although drugs with slow clearance from the brain tissue are more 
likely to accumulate and lead to toxic side effects if given by constant in- 
travenous infusion, they will provide a longer protection than if given by 
single-bolus injection (Steinberg et al. 1994). There may be some advan- 
tages if they are given intra-arterially in appropriate circumstances. 



1.2.4.10 Binding Properties 

The mechanism of action at the cellular level of any particular agent will 
determine whether constant exposure to a drug is necessary or indeed de- 
sirable. Free radicals are thought to play a role in mediating ischemic neu- 
ronal damage and, in particular, reperfusion injury. The combination of 
ischemia, a rich supply of metal complexes (e.g., iron from hemoglobin) 
and a paucity of free-radical neutralizing enzymes (superoxide dismu- 
tase, catalase, and glutathione peroxidase) within the brain, predispose to 
free-radical- mediated neuronal damage. Tirilazad, a synthetic 21 -amino- 
steroid, has free-radical scavenging activity, analogous to that of vitamin 
E. It also has antioxidant effects, inhibiting the generation of hydrogen 
peroxide and blocking the release of arachidonic acid from injured cell 
membranes. In animal models of stroke, tirilazad has reduced the volume 
of infarction after MCA occlusion in rats (Investigators 1996). Although 
extensive research is underway in this area, no definitive drugs or regi- 
mens are presently available. 

Magnesium may block the influx of calcium into ischemic neurons and 
has been shown to be neuroprotective in animal models. It is inexpensive 
to produce and appears to be well tolerated in initial patient pilot studies 
(Wester et al. 1984; Muir and Lees 1995a, b). Magnesium has been used 
without ill effects in over 50,000 patients after acute myocardial infarction 
(Collins et al. 1995). 

While tremendous research efforts are being made with respect to neu- 
roprotective agents, no clinically applicable benefit has so far been demon- 
strated. 



1.2.4. 1 1 Angiographic Evaluation 

A detailed angiographic examination of the vascular anatomy, including 
the collateral circulation at the circle of Willis and the leptomeningeal lev- 
els is performed and includes an analysis of the brain parenchyma vascu- 
larization (Theron et al. 1992) 

An aortic arch study to demonstrate the status of the arch and the ori- 
gin of the brachiocephalic vessels in two views (Fig. 1.2) can be very in- 
formative, as these cohort of vasculopathic patients usually have multifo- 
cal involvement. 

A second arch injection is administered, centering on the neck; the bra- 
chiocephalic vessels are grossly visualized on the aortic arch study 
(Fig. 1.3, same patient as Fig. 14.150). 

A third arch injection is administered, centering on the head, frontal, 
and lateral projections to look at the brain. 
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Fig. 1.2. Biplane aortic arch study to see the origin of the brachiocephalic vessels and 
include the portion of the cervical carotids 



Fig. 1.3A-D. Aortic arch study with different centering and projections for anatomic ► 
and hemodynamic consideration. The patient’s symptoms referred to the left hemi- 
sphere, left posterior fossa circulation, and left upper extremity. Same patient as 
Fig. 14.150. A, B Superimposition of an aortic arch study centering at the arch and in 
the cervical and upper intracranial portions in mid and late arterial phase. C Oblique 
arch demonstrates the better opacification of the right common carotid and right 
hemisphere. Note the retrograde visualization of the innominate artery stenosis 
(arrow), compare with Fig. 14.150. These global injections demonstrate lesser opaci- 
fication of the vertebrobasilar system followed by the left carotid and left supraten- 
torial circulation; note the collateral circulation in the cervical region attempting to 
collateralize the left vertebral artery and posterior fossa circulation. There is severe 
disease at the innominate artery and stenosis of the right common carotid artery. 
Same patient as Fig. 14.150. In this particular patient, this information is useful to de- 
cide first to attempt revascularization of the left subclavian artery (D) 
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Fig. 1.4 A, B. Selective catheter- 
ization of the subclavian artery 
to better clarify the status 
of the vertebrobasilar system, 
which cannot be assessed prop- 
erly in the aortic arch study. 

A Selective injection of the sub- 
clavian artery with lower cen- 
tering. There is severe disease 
at the subclavian artery as well 
as throughout the vertebral ar- 
tery. B Note the severe stenosis 
just distal to the posterior in- 
ferior cerebellar artery and 
proximal to the anterior inferi- 
or cerebellar artery (AICA), 
with an additional stenosis at 
the AICA level 



All brachiocephalic vessels are grossly visualized on the aortic arch 
study, with some hemodynamic global assessment, which will help in ex- 
plaining the symptoms and assist in planning treatment (Fig. 1.3D) 

More selective catheterization at the level of the subclavian, carotid 
and/or vertebral arteries that supply the ischemic territory is only done 
when there is a specific question concerning total occlusion of the inter- 
nal carotid artery, the status of the vertebral or basilar arteries, the circle 
of Willis, etc. (Fig. 1.4), or in preparation for endovascular treatment. 



1.2.4. 12 Middle Cerebral Artery Stroke: Natural History 

Bogousslavsky and co-workers (1986) reviewed 352 patients entered in 
the EC/IC bypass study with middle cerebral artery stenosis (MCAS, 53%) 
or middle cerebral artery occlusion (MCAO, 47%) secondary to athero- 
sclerosis. Asian patients represented 58% of all patients entered in the 
EC/IC Bypass Study, 34% of the total were Black patients, and Caucasian 
patients represented 18% of all (Table 1.14). 

Isolated TIAs were less frequent in MCAO (12%), because the vessel 
once occluded is less likely to embolize, than in MCAS (34%). Warning 
TIAs in the middle cerebral artery (MCA) distribution before a stroke oc- 
curred in one-third of the cases. Presentation with stroke or isolated TIA 
was not influenced by sex, age, and level of MCA obstruction, collateral 
circulation, or associated carotid disease. 

In MCAS, no major difference in presentation was found between severe 
and moderate stenosis. Pure motor hemiparesis occurred in 15% and pure 
sensory stroke in 2% of the patients with stroke. In 30%, the MCA territo- 
ry infarcts were small and limited to the lenticulocapsular area, suggesting 
that so-called lacunar infarcts may be due to large vessel disease. 
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Table 1.14. Middle cerebral artery (MCA) stroke 





All MCA stroke 


MCA stenosis 


MCA occlusion 


Asian 


58% 






African-American 


34% 






White (USA) 


18% 






Incidence 


100% 


53% 


47% 


TIAs 


33% 


34% 


12% 


Sex 




No difference 


No difference 


Age 




No difference 


No difference 


Hemiparesis motor 




15% 


- 


Sensory stroke 




2% 


- 


New TIA/stroke 


11.7%/year 


9.5%/year 


10.1%/year 


Ipsilateral stroke rate 




7.8% 


7.1% 



During follow-up (42 months) of 164 medically treated patients, fur- 
ther cerebrovascular events (TIA and/or stroke) occurred in 11.7% of the 
patients per year. In MCAO, the stroke rate was 10.1% per patient-year and 
the ipsilateral infarct rate was 7.1% per patient-year. In MCAS, the stroke 
rate was 9.5% per patient-year and the ipsilateral stroke rate was 7.8% per 
patient-year. 

Intracranial involvement by atherosclerosis varies in different popula- 
tions, with up to 22.6% in Asians, with hemodynamically significant 
stenotic lesions as demonstrated during angiography (Gorelick et al. 
1984). Intracranial disease usually presents with stroke rather than TIAs. 



1.2.4. 13 Local Intra-arterial Thrombolysis in the Anterior Circulation 

The goal of intra-arterial thrombolysis is to limit the area of infarcted 
parenchyma and to enhance the survival of the functionally disabled 
parenchyma in the surrounding area of ischemic penumbra (Overgaard 
et al. 1993). In the rat stroke model, thrombolytic therapy has been shown 
to significantly reduce the volume of infarcted tissue. 

Collateral circulation frequently revascularizes the ischemic penumbra 
inefficiently due to microemboli in the distal microcirculation (Figlos et 
al. 1988). 

While local intra-arterial thrombolysis (LIAT) is an important addition 
to the treatment regimen of acute ischemic stroke, significant logistical 
limitations still exist, preventing this therapy from becoming universally 
employed. Two criteria must be satisfied for recanalization of acute isch- 
emic stroke to be successful; the duration of the ischemia must be short, 
and the residual cerebral blood flow in the territory of the occluded ves- 
sels must be greater than the level at which viability of neuronal, glial, and 
vascular endothelial cells is lost. 

Numerous experimental and clinical studies have addressed the issue 
of the optimal time window for LIAT to be performed. The consensus 
appears to be that 6 h is the maximum time period before infarction or he- 
morrhagic complications are likely to occur when treating middle cere- 
bral artery territory occlusion. 
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Theron significantly advanced our understanding with respect to the 
time issue as it relates to different locations of occlusion and the patient’s 
preexisting specific anatomical dispositions (Theron et al. 1998). Caplan 
reviewed the literature on thrombolytic therapy in 1997, at which time 
there were collectively over 200 patients treated with intra-arterial throm- 
bolysis and over 250 patients treated with intravenous thrombolysis, all of 
whom were treated within 8 h of the onset of stroke and monitored an- 
giographically (Caplan et al. 1997). There was effective recanalization in 
67% of patients treated intra-arterially and 40% recanalization in patients 
treated intravenously. There was good outcome in 50% of patients treated 
intra-arterially versus 40% of those treated intravenously. Furthermore, 
brain hemorrhage occurred slightly more often with intravenous therapy 
(6.7%) than with intra-arterial therapy (5%) (Pessin et al. 1995). 

Gonner et al. (1998) report an overall recanalization rate of 63% utiliz- 
ing intra-arterial thrombolysis, with a 33% rate for patients with distal 
ICA occlusions and a 56% recanalization rate for patients with MCA oc- 
clusions. These figures are similar to other intra-arterial thrombolysis 
studies (average 64%, range 40%-100%, in a meta-analysis) (Boysen and 
Overgaard 1995). In acute MCA strokes, Bollaert and co-workers (1995) 
achieved 58% recanalization using intra-arterial urokinase, and Zeumer 
and co-workers (1993) report a 49% recanalization rate using intra-arte- 
rial r-TPA. 

The Prolyse in Acute Cerebral Thromboembolism Trial II (PROACT II; 
Table 1.15) was the first double-blinded randomized trial conducted to 
evaluate the outcome of intra-arterial thrombolysis with recombined pro- 
urokinase (r-UK) in patients with angiographically proven MCA occlu- 
sion within 6 h after onset of stroke. The primary end point (modified 
Rankin Scale Score of 2 or less) at 90 days was achieved by 40% of patients 
treated with r-UK compared with 25% in the control group. The results 
demonstrated a 60% relative benefit with r-UK. In regards to sympto- 
matic ICH, the r-UK group fared worse but the mortality rate at 90 days 
was similar in both groups. The recanalization rate at 2 h for TIMI 
(Table 1.16) grades 2 and 3 was 66% in the r-UK group versus 18% in the 
control group (del Zoppo et al. 1998). 1 

The techniques used for thrombolytic revascularization, including type 
of agent, dose, and route of administration, vary widely among reported 
studies (Adams et al. 1996; Theron et al. 1990; Jansen et al. 1995). The 
thrombolytic agent of choice has yet to be determined. Urokinase and 
r-TPA have been used most frequently. Recently introduced agents and 
regimens that may play a role in the future include recombined pro-uroki- 
nase (r-UK), combination regimens such as thrombolytics and GP Ilb/IIIa 
receptor antagonists, and so-called cocktails, which include the addition 
of antioxidants, free-radical scavengers, and antineutrophils. 

The maximum dose of urokinase is still not well established. Although 
there are reports of utilizing up to 2 million units, in our experience we 

1 In order to evaluate the reperfusion achieved with various thrombolytic regimens, 
the cardiology community adopted a simple grading system of coronary perfusion 
TIMI (thrombolysis in myocardial infarction). Although of only limited use in the 
cerebral circulation, most revascularization studies have investigated coronary cir- 
culation, and therefore we included it in this chapter. 
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Table 1.15. PROACT II: intra-arterial thrombolysis 
(Pro UK) 



>12,000 Screened patients - 474 angiograms 

180 Patients randomized 

40% Good outcome vs. 25% for controls 

66% Recanalization vs. 18% of controls 

10% Symptomatic hemorrhage vs. 2% for controls 



Table 1.16. Thrombolysis in myocardial infarction 
(TIMI) a 



0 No perfusion No distal opacification 

1 Some flow No distal opacification 

2 Better flow 

3 Normal Normal opacification 



a The TIMI Study Group (1985) Phase I findings. New 
Eng J Med 312:932-936. 



found that if the dose did not exceed 1 million units, the risk of hemor- 
rhage is extremely small. This finding is supported by the experience 
gained with intravenous thrombolytic therapy, which also demonstrated 
that hemorrhagic complications were dose dependent. 

The actual time required to perform intra-arterial thrombolysis is still 
a limiting factor (Barnwell et al. 1994; Brott et al. 1992). An investigation 
of the time needed to achieve repermeation using intra-arterial urokinase 
therapy alone, or in combination with mechanical clot disruption, 
demonstrated that the delay to open an occluded carotid and/or middle 
cerebral artery varied from 45 to 180 min. Thus, the time related to the 
performance of angiography and selective catheterization is an addition- 
al limitation of intra-arterial therapy and a potential advantage for in- 
travenous therapy. Brott and Tomsick have used a technique that com- 
bines intravenous and intra-arterial therapy: intravenous thrombolysis is 
started immediately after the arterial puncture site is secured and then lo- 
cal intra-arterial therapy is given via superselective catheterization. This 
technique may have a long-term advantage, as it may have an impact on 
the local emboli at the site of occlusion as well as affect the distal micro- 
circulation. 

In Gonner’s experience of 43 patients treated with local intra-arterial 
thrombolysis (LIAT), 60% had a good outcome (Gonner et al. 1998). Out- 
come was significantly related to the stroke severity as measured by the 
NIHSS score at admission. A large infarct associated with a high NIHSS 
score had a worse prognosis than a small stroke with a low NIHSS score. 

Patients whose occluded vessels were recanalized had a better progno- 
sis than patients whose vessels did not reopen. Neurological improvement 
(NI) within 24 h was an additional prognostic indicator for a good out- 
come and probably represents restoration of neuronal function in the 
penumbra. 

The hyperdense middle cerebral artery sign (HMCAS) (Fig. 1.11 A) on 
initial CT had no prognostic value in Gonner’s patients. This is consistent 
with other stroke trials that showed no correlation or poor correlation be- 
tween HMCAS and outcome, independent of treatment (Leys et al. 1992; 
Von Kummer et al. 1994; Wolpert et al. 1993; Moulin et al. 1996). On the 
other hand, Tomsick and co-workers (1996) observed generally poor clin- 
ical outcomes in patients treated within 90 min with intravenous r-TPA 
when HMCAS was present. However, in their series, the median baseline 
NIHSS score of HMCAS-positive patients was 19.5 compared to 10 in HM- 
CAS-negative patients. This difference in baseline clinical status, rather 
than the presence or absence of HMCAS, may account for observed dif- 
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ferences in clinical outcome. In Gonner’s series, HMCAS-positive and 
-negative patients had an NIHSS score on the same order. Von Kummer 
and co-workers (Von Kummer et al. 1994) found that the HMCAS per se 
was of low prognostic value. However, if on CT an extensive area of hypo- 
density was present in addition to the HMCAS, then extensive brain dam- 
age had already occurred and a fatal outcome could be predicted. There 
was no correlation between HMCAS and recanalization in our patients or 
in another series (Wolpert et al. 1993), which further underscores the low 
prognostic value of HMCAS. 

Zeumer et al. (1993) reported fatal outcome in 59% and persistent se- 
vere neurological deficits in an additional 38% of patients with distal in- 
ternal carotid artery “T” occlusions (Fig. 1.5). The recanalization rate was 
low (17%). In Gonner’s series, recanalization was possible in three of 
their nine patients with ICA occlusion, and they all had a good outcome. 
Therefore, they concluded that LIAT in carotid occlusions is worth at- 
tempting, and that it has the potential to spare some patients from suffer- 
ing a large stroke. 

The site of occlusion and the potential to develop collateral flow plays 
an essential role in the outcome of stroke. Patients with internal carotid 
artery occlusion but with good collateral circulation via the ophthalmic 
and or the circle of Willis may be asymptomatic or may have fluctuating 
symptoms, representing hemodynamic perfusion abnormalities (Theron 
et al. 1998). If, however, the ICA occlusion extends towards the proximal 
MCA, patients tend to present with more severe neurological deficits and 
have poorer recanalization rates and worse outcomes than those with 
more distal (cortical) MCA occlusions. 

Theron (Theron et al. 1998) reviewed a series of 142 patients, in whom 
the major goal had been to reduce the rate of hemorrhagic complications 
associated with thrombolysis and to best select patients that might bene- 
fit from LIAT. 

In Theron’s experience, when the angiographic work-up revealed oc- 
clusion involving the horizontal segment of the middle cerebral artery 
with extension towards the lenticulostriate arteries, successful thrombol- 
ysis was restricted to less than 6 h after onset of symptoms. This was also 
based on his previous experience that this group of patients had poor out- 
come and higher incidence of hemorrhage if thrombolysis was performed 
beyond 6 h. We have followed his recommendations, with good outcomes. 



Fig. 1.5A-F. “T” carotid occlusion. A Late phase of the common carotid artery in- ► 
jection on the right lateral projection demonstrates the occlusion at the internal 
carotid artery proximal to the ophthalmic artery extending towards the bifurcation. 

B Frontal view of the left common carotid artery shows the occlusion to be a “T” lesion 
involving the Al (arrow) and Ml segments. Note the leptomeningeal collaterals re- 
constituting the distal middle cerebral artery (MCA), the more proximal Ml segment 
is occluded. C, D The microcatheter is advanced through the internal carotid artery, 
which is totally occluded, without lysing the clot, but going through it. This shows the 
progressive recanalization of the MCA. E, F Final follow-up angiogram in E arterial 
and F venous phase shows the reconstitution of the Al and Ml segments with excel- 
lent filling of the distal MCA. In the venous phase there is symmetry in the venous 
return. The patient made a full recovery 
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Fig. 1.6A-E. Legend see p. 51 
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In the appropriate clinical setting of ischemic stroke, we start with an 
immediate noncontrast head CT to rule out hemorrhage or other con- 
traindication for LI AT (Fig. 1.6). 

If the angiogram thus shows no involvement of the horizontal segment 
of the middle cerebral artery, including the lenticulostriate arteries and 
therefore primarily represented cortical branch occlusion, thrombolysis 
can be carried out up to 12 h after the occlusion (Theron et al. 1999). 

Of the 142 patients reported by Theron, there were 61 cases in the cor- 
tical group, 71 cases of Ml occlusion involving the lenticulostriate perfo- 
rators, eight cases with T lesions, and two patients with purely cervical 
ICA occlusion. 

In experimentally occluded middle cerebral arteries that are opened af- 
ter 6 h, the lenticulostriate arteries lose their ability to autoregulate and 
therefore are dependent on systemic BP. This was demonstrated by Kami- 
jyo in cats (Kamijyo et al. 1977), Di Chiro in primates (Di Chiro et al. 1974), 
and confirmed in humans in Theron’s first group of patients. Theron 
demonstrated a dramatic reduction in intraparenchymal hemorrhage 
when comparing his original series, in which there was a 16.6% hemor- 
rhagic complication rate following thrombolysis, to his more recent se- 
ries, in which this dropped to 0.7%, by avoiding those with lenticulostri- 
ate involvement (Theron et al. 1998). 

It is believed that since lenticulostriate arteries have less efficient col- 
lateral circulation (thus called terminal arteries), they are particularly 
sensitive to ischemia. Ischemia not only damages neuronal and glial tis- 
sues, it also damages endothelial cells with loss of vascular integrity as 
their walls become weakened. Late revascularization increases the risk of 
rupture and parenchymal hemorrhage. 

Theron also suggests that patients with a crescendo ischemic syn- 
drome, involving the lenticulostriate artery territory should not undergo 
revascularization, because the risk of intraparenchymal hemorrhage is 
high in this group. 

Symptomatic hemorrhages occurred in 4.7% of Gonner’s patients. One 
of them (2.3%) bled 3 days after LIAT while under heparin, which may 
have caused the hemorrhage (Bollaert et al. 1995). The spontaneous bleed- 
ing rates were 1.2% in NINDS and 6.5% in European Cooperative Acute 
Stroke Study (ECASS) control groups with intravenous thrombolysis 
(Wardlaw et al. 1997; Hacke et al. 1995). The 4.7% bleeding rate in Gonner’s 
series, while in the same range, is higher than the 0.7% reported by Theron 
and co-workers (1996); however, the latter group excluded patients with 
Ml occlusion. 



< Fig. 1.6A-E. Occlusion of the horizontal segment of the left middle cerebral artery 
(MCA). A CT scan in the acute phase shows the subtle effacement of the white-gray 
interface. B Frontal digital subtraction angiogram within the first 4 h of the stroke 
demonstrate occlusion of the horizontal segment of the left MCA. There is one me- 
dial lenticulostriate artery preserved. C Superselective catheterization after reconsti- 
tution of the lateral branch of the middle cerebral artery. D Road map of the m ain 
angular branch, which is still occluded. Coaxial catheterization with a microcatheter 
and stirable microguidewire entering the occluded vessel. E Follow-up angiogram 
after revascularization of the MCA territory with good angiographic and clinical 
outcome 
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We concur with Theron that studies evaluating the efficacy of throm- 
bolysis in stroke should not use the revascularization rate of the occluded 
artery as the sole outcome measure because an artery may be reopened 
without achieving efficient distal parenchymal revascularization. 

Conversely, an artery may remain occluded and yet revascularization of 
the parenchyma will be achieved through recanalized collaterals. 

The regime of combining intravenous and intra-arterial thrombolysis 
may improve the final outcome by acting at various levels. Several trials 
are being conducted to establish the validity of combined therapy. 

Combining various therapeutic modalities such as chemical and me- 
chanical repermeation will increase the number of treatment options in 
the future. In addition to thrombolysis, balloon angioplasty of the clot 
in the MCA may be of assistance to rapidly reopen the middle cerebral 
artery (Fig. 1.7). The use of thrombolysis and antiplatelet aggregation 
(chemical) with angioplasty and stenting (mechanical) may further en- 
hance the long-term outcome of revascularization. 

Based upon indirect comparisons of intravenous and intra-arterial 
thrombolysis, one may cautiously state that LIAT is at least as effective and 
safe as intravenous thrombolysis with r-TPA and has the advantage of a 
longer time window for successful application. In addition, LIAT has sev- 
eral other advantages over intravenous thrombolysis. Angiography per- 
formed prior to LIAT allows visualization of the individual vascular 
pathology and provides information on collateral flow. The thrombolytic 
agent can be administered directly into the thrombus, under visual con- 
trol, and therefore the LIAT fibrinolytic dose needed for vessel recanal- 
ization is smaller than in systemic thrombolysis. In certain cases, the 
thrombus can be fragmented and dislodged mechanically with immedi- 
ate reestablishment of blood flow in the larger vessel and an opportunity 
to perform LIAT more distally into the cortical branches (Theron et al. 
1996a; del Zoppo et al. 1988; Jungreis et al. 1989; Barnwell et al. 1994; Cas- 
to et al. 1996; Ueda et al. 1997) (Fig. 1.6). In addition, the risk of sympto- 
matic intracranial hemorrhage does not seem to increase, or at least not 
as much as in systemic thrombolysis. The significant remaining limitation 
of LIAT is the need for an appropriated team that has the expertise to per- 
form LIAT. 



1.2.4. 14 Internal Carotid Artery Occlusion 

ICA occlusion may be asymptomatic. Symptoms may be a result of in- 
competence of the collateral circulation, or more frequently distal em- 
bolization and associated distal occlusion of a perforator or perforators 
and/or cortical vessel(s). Unfavorable prognostic signs for outcome in- 
clude MCA embolus (worse, if involving the Ml segment, i.e., a T lesion), 
poor collateral circulation, and profound neurological deficit. 

The natural history of patients presenting with profound neurological 
deficit and acute carotid occlusion is dismal. A review of the literature by 
Meyer and co-workers revealed that 16%— 55% of patients will die from 
infarction, 40%-69% will have severe neurological disability, and only 
2%-12% will make a good recovery (Meyer et al. 1986). 
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Fig. 1.7A-E. Combination of 
thrombolysis and mechanical 
angioplasty. Acute middle cere- 
bral artery occlusion. A Right 
internal carotid artery shows 
the acute occlusion of the Ml 
segment (arrows). B Immedi- 
ately after chemical throm- 
bolysis, note the severe focal 
stenosis remaining (arrows). 

C Reocclusion occurred within 
minutes (arrows). D A mechan- 
ical angioplasty with a balloon 
tip catheter at the site of the 
focal stenosis was done. E Fol- 
low-up angiogram after bal- 
loon angioplasty. Note the 
excellent reconstitution of the 
Ml segment 
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A review of the surgical literature by Meyer et al. (1986) concerning the 
benefits of emergency surgical thromboendarterectomy in patients with 
totally occluded ICA and profound neurological deficit yielded variable 
results and remains controversial. In most experts’ opinion, internal 
carotid artery occlusion with severe acute neurological deficit is consid- 
ered a contraindication to surgery. An exception would be if it occurs in 
the hospital where the reestablishment of flow can be achieved in less than 
1-2 h (Walters et al. 1987). The most optimistic study of carotid en- 
darterectomy in patients with profound neurological deficits reported 
good outcome in 38.3% of patients, fair outcome in 29.4%, poor outcome 
in 11.8%, and a surgical mortality of 20.6% (Meyer 1986). The clinical out- 
come of patients who survived endarterectomy in that study group repre- 
sents a significant improvement over the natural history of the disease, 
whereas the surgical mortality is similar to that of the natural history. 

Theron divided patients who had carotid artery occlusion into three 
groups: 

Group 1: Those with an internal carotid artery occlusion up to the oph- 
thalmic artery, without infarction but possibly symptomatic 
due to hemodynamic factors 

Group 2: Those with an internal carotid artery occlusion up to the oph- 
thalmic artery, but who developed an area of infarction at the 
watershed area 

Group 3: Those with occlusion of the internal carotid artery, extending 
towards the lenticulostriate arteries, similar to those previously 
described as T lesions 

Patients with cortical arterial occlusion would have limited territorial 
damage, in view of the potential for leptomeningeal collaterals from the 
anterior and posterior cerebral arteries. The cortical group patients had 
results that were deemed to be very good (normal) or good (minimal 
deficit) in 80% of cases, and fair (significant disability) in 20% of cases. 
There were no deaths. 

However, in patients with lenticulostriate arteries involvement, the re- 
sults were considered very good or good in 57% of cases, fair in 20%, and 
vegetative or dead in 23%. 

Patients in whom Theron opened an occluded cervical carotid artery, 
but who were symptomatic due to hemodynamic factors, all did well and 
returned to normal. 

There were seven deaths (5%) in the 142 patients and all died from sec- 
ondary vasogenic cerebral edema. All seven had various degrees of in- 
volvement of the lenticulostriate arteries and no significant improvement 
could be demonstrated on parenchymatography immediately after throm- 
bolysis or on angiography on the following day. There was one hemor- 
rhage (0.7%) in a case with occlusion of the lateral lenticulostriate arter- 
ies, which was interpreted as a cortical group and treated 7 h after the 
onset of symptoms. 

Although in 12.7% of cases, hemorrhagic infarction was visualized on 
the CT scan done the following day, all these patients were clinically un- 
changed or markedly improved. Of the 18 cases that had a hemorrhagic 
transformation demonstrated by CT, 1 1 were in patients with involvement 
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of the lenticulostriate arteries. In the cortical group, six cases had a 24-h 
CT scan showing a hemorrhagic transformation. An intraparenchymal 
hemorrhage occurred 5 days after successful thrombolysis in one patient. 
This patient also had cardiac arrhythmia for which he was placed on he- 
parin; he subsequently died. 

To reduce hemorrhagic complications, patients with lenticulostriate 
artery occlusion for more then 6 h should probably not undergo throm- 
bolysis. The report by Nesbit and co-workers (1996) utilizing endovascu- 
lar IA revascularization of totally occluded ICA is very encouraging. They 
were able to catheterize the occluded carotid artery and go through the 
thrombi in three out of four cases. All four patients were considered poor 
candidates for thromboendarterectomy (given the profound neurological 
deficit, evidence of middle cerebral artery embolus, and lack of collateral 
circulation) and responded to endovascular revascularization with marked 
to moderate improvement in their clinical outcome. Nesbit’s patients pre- 
sented with a pretreatment mean NIH stroke score of 24±4 and demon- 
strated neurological improvement at 48 h with a mean NIH score of 12±5. 
All of his patients had significant improvement 3 months after treatment, 
with a mean NIH stroke score of 7±6. This improvement was statistically 
significant (p= 0.03). There was a marked improvement in outcome when 
compared with that of the natural history of disease or surgical treatment. 
There was no associated morbidity or mortality (Nesbit et al. 1996). 
Probably the greatest advantage of the endovascular approach over en- 
darterectomy is the ability to study and if needed also revascularize the 
distal territory. 

Endo and co-workers (1998) were able to recanalize eight patients with 
a recently totally occluded internal carotid artery using intra-arterial lo- 
cal thrombolysis. Four of their patients had a good clinical outcome and 
four did not. Better outcome was related to the ability to obtain at least 
partial recanalization within 3 h of the event and subsequent opening of 
the lesion at the cervical internal carotid artery by transluminal angio- 
plasty or carotid endarterectomy. 

In their study, 29 of the 33 patients with major stroke and atherothrom- 
botic internal carotid artery occlusion had a poor clinical outcome. These 
patients underwent urgent intravenous thrombolysis or unsuccessful 
intra-arterial thrombolysis, illustrating the devastating clinical course of 
this disease. However, the four patients in whom intra-arterial local 
thrombolysis was successful in at least partially recanalizing the vessel 
within 3 h had a good outcome. 

In patients with total occlusion of the carotid artery, the initial assess- 
ment must be done rapidly and efficiently. It is our feeling that pancere- 
bral angiography adds important information necessary to plan treat- 
ment. If there are good leptomeningeal collaterals with reconstitution of 
the distally occluded segment, and in addition there are good anterior and 
posterior communicating arteries, revascularization of the occluded 
carotid artery may not be necessary and may actually be dangerous. Con- 
versely, if there is poor or absent collateral circulation and the occlusion 
includes the Al or intracranial bifurcation of the ICA, then an attempt 
to reestablish flow through the occluded internal carotid becomes im- 
portant. 
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If the internal carotid artery cannot be opened rapidly, but there are 
good collaterals at the circle of Willis, then a microcatheter can be passed 
through the occluded ICA and LIAT of the distal territory (such as in the 
MCA) can be performed. This would permit perfusion of the distal reper- 
meated territory to occur through the circle of Willis (Fig. 1.5). 

In Nesbit and Levy’s series, the lack of collateral cerebral circulation 
produced reocclusion of the carotid artery, which required revasculariza- 
tion of the vessel (Nesbit et al. 1996; Levy 1998). In patients with recanal- 
ization of the internal carotid artery, a need exists to maintain patency of 
the carotid artery at the original site of the occlusion. If a stenotic lesion 
responsible for the occlusion is found, angioplasty and if possible stenting 
should be done to maximize durability of the vessel recanalization. It is 
important not only that flow is reestablished but also that the distal circu- 
lation is checked to guarantee the absence of distal emboli. 

When evaluating an occluded internal carotid artery, the various etio- 
logical causes must be considered and determined whenever possible. 
While the presence of an atheromatous lesion is the most frequent cause 
of acute internal carotid thrombosis, cases of dissection may also be en- 
countered. 

When comparing the results of intra-arterial revascularization of the 
carotid artery with intravenous thrombolysis, the rate of recanalization 
with intravenous thrombolysis is extremely small, with only 11% of pa- 
tients having the carotid recanalized, whereas local thrombolysis resulted 
in complete recanalization in 52% of cases (Sasaki et al. 1995). Significant 
work has been done in the development of more efficient techniques of 
recanalization, and we should expect this rate to be vastly improved 
(Fig. 1.8). 

A review of multiple case reports by Nesbit and co-workers (1996), sug- 
gests that intra-arterial thrombolysis has a higher recanalization rate 




Fig. 1.8. Clot retrieval devices (also see coil retrieval devices Figs. 14.96, 14.97, 14.167). 
BSC/Target Loop Clot Retriever (Target Boston Scientific, San Jose, CA, USA). Over- 
the-wire design using 18 microcatheters, with an atraumatic, flexible tip using super- 
elastic materials. When open, has off-center geometry for best engagement. The de- 
vice is radio-opaque. Adaptable sizing to multiple vessel diameters, 2-5 mm; lengths, 
1.5-3 cm 
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(58%-100%) and clinical improvement rate (53%— 94%) than intravenous 
treatment (36%-89% and 26%-85%, respectively), without a significant in- 
crease in hemorrhagic transformation (Spearman et al. 1995; del Zoppo et 
al. 1992; Mori et al. 1992; Levy et al. 1994; Ueda et al. 1994; Sasaki et al. 1995). 

Advancements in the local intra-arterial microcatheter delivery of high 
concentrations of thrombolytics, along with the assistance of mechanical 
disruption of the clot by catheter and/or guidewire manipulation, ballons, 
or by newer devices being introduced to remove large amounts of clot will 
further enhance the rate and speed of repermeation (Fig. 1.8). With the 
advent of various stents with increased flexibility, the possibilities for even 
better results are likely. A potential risk of opening a totally occluded 
carotid artery is thrombi dislodgment and distal embolization. Dislodg- 
ment of thrombus may also reocclude a distal middle cerebral artery after 
initial successful thrombolysis. Although Levy suggests urokinase infu- 
sion from the distal territory to the more proximal circulation, we prefer 
the reverse to prevent distal reocclusion while the proximal vessel is being 
opened. In this scenario, if distal embolization during proximal recanali- 
zation occurs, then it may still respond to the circulating thrombolytics 
used at the time of proximal thrombolysis. As an alternative, distal terri- 
tories may first be mechanically revascularized to improve blood flow, 
then the more proximal area, and finally the distal territory is completed. 

Many believe that the pathophysiological mechanism of distal throm- 
boembolism associated with proximal internal carotid artery occlusion, 
results from the distal thrombosis of the internal carotid artery to its next 
major branch, usually the ophthalmic artery. Suggestions have also been 
made that a supraclinoid or middle cerebral artery embolus is the distal 
stump embolus that forms in the petrous or cavernous carotid artery. We 
concur with Nesbit that a more likely mechanism is that initially a nonoc- 
clusive embolus forms proximally and then embolizes to the distal terri- 
tory. This embolization decreases flow in the territory beyond the original 
stenotic tesion, which worsens the flow proximally and results in internal 
carotid artery thrombosis, which then propagates to total occlusion. 

The use of mechanical balloon angioplasty and or stenting will aug- 
ment the recanalization of a stenotic segment following urokinase infu- 
sion, when thrombolysis is not sufficient. In cases with thrombosis, re- 
sulting from poor flow, angioplasty and/or stenting of the internal carotid 
artery has been shown to be useful (Spearman et al. 1995). 



1.2.4. IS Carotid Dissection 

Carotid dissection is one of the most common causes of ischemic stroke in 
people under 50 years of age (Guillon et al. 1998), with an incidence of 2.9 
per 100,000 (Schievink et al. 1993). The pathogenesis is varied, including 
various types of trauma such as penetrating vessel injury or blunt trauma, 
with onset after jogging or weight lifting, or injury of iatrogenic origin 
(Fig. 1.9). Spontaneous dissection maybe associated with preexisting arte- 
rial disease that predisposes cervical vessels to dissections, for example, fi- 
bromuscular dysplasia, type IV Ehlers-Danlos syndrome, Marfan syn- 
drome, neurofibromatosis, cystic medial necrosis, idiopathic regressing ar- 
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Fig. 1.9 A, B. Right internal 
carotid artery dissection. A MRI 
following acute left hemiplegia 
demonstrates a hematoma 
in the wall of the internal 
carotid artery as an increased 
signal ( curved arrow) with the 
small residual carotid lumen. 

B Frontal digital subtraction 
angiogram of the common 
carotid artery demonstrates the 
severe narrowing of the carotid 
lumen with a long segment 
extending from just distal to 
the carotid bulb to the petrous 
bone. A typical appearance 
of a carotid dissection of the 
spontaneous type 



teriopathy, hypertension, and a r antitrypsin deficiency. Some reports also 
refer to ICA redundancy (Mokri et al. 1977; Barbour 1994; Schievink et al. 
1994a, b). Some of these entities are also associated with aneurysms or dis- 
section of other vessels (Schievink 1994a, b; see Sects. 7. 2.2.2 and 7.4, 
Chap. 7, this volume). 

Treatment is usually medical, with anticoagulants for 3-6 months. Dur- 
ing the acute phase, full heparinization is preferred; it is effective and 
fast acting. It can easily be reversed if intervention is needed, and after 
establishing arterial access, the heparin can be reinstated. Complete re- 
canalization in occluded vessels is seen in 62% of initially occluded ves- 
sels and 90% of initially stenosed arteries (Fig. 1.10) (Sturzenegger et al. 
1995; Liu 1999). 

In patients with persistent symptoms and/or recurrence of distal em- 
bolization, despite appropriate medical anticoagulation, intervention 
may be indicated for the symptomatic site, whereas dissection may re- 
spond to medical therapy (Fig. 1.11, p. 60). If the associated aneurysmal 
segment does not heal or expands, endovascular stenting has proven safe 
and effective and has become a therapeutic option (Fig. 14.92) (Geremia 
et al. 1994; Link et al. 1996; Massoud et al. 1995; Wakhloo et al. 1994; 
Marks et al. 1994). If the aneurysm sac is too large, then it may not throm- 
bose, and the stent can be used as a protection for coil embolization 
(Fig. 14.144). 

Extracranial carotid artery dissections may be bilateral, mostly after 
trauma, putting stress on the collateral circulation, and may be the reason 
for the apparent lack of response to anticoagulation. Symptoms may be 
caused by the added hemodynamic constraints (Fig. 1.12, pp. 61-64). 
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Fig. 1.10 A, B. Carotid dissec- 
tion 18 h after a cerebral vas- 
cular accident. A Before and 
B after 6 weeks of anticoagula- 
tion therapy, with resolution 
of the dissection, note a small 
residual aneurysm at the 
petrous entrance. Patient re- 
mained on antiplatelets 





Alternatively, during iatrogenic dissection of the carotid artery, if the 
patient develops symptoms or has poor collateral circulation, one may 
want to immediately recanalize the damaged vessel (Fig. 1.13,p. 65). In the 
cervical carotid artery, the self-expandable stents are best, whereas the 
low-profile balloon-expandable stents are used in the distal petrous (Dor- 
ros 1998b) or cavernous carotid artery. In these types of cases, finding the 
true lumen may be problematic and we tend to explore and identify 
the true lumen with currently available neuromicrocatheters and neu- 
romicroguidewires (Figs. 14.12, 14.13). When an associated post-traumat- 
ic aneurysm does not thrombose, one may consider supplementing the 
stent(s) with coiling of the aneurysm (Fig. 14.144), or introducing poly- 
mers into the aneurysm with the stent or a balloon acting as a neck bridge, 
to avoid the material from protruding into the vessel lumen or emboliz- 
ing (Fig. 14.144) (Szikora et al. 1994; Mawad and Moret, personal commu- 
nication). The development of cover stents (Fig. 14.42) may be of special 
value in these instances (Link et al. 1996). At present, however, their rigid- 
ity has been a limiting factor. 

The majority of aneurysms will thrombose with the stents acting as a flow 
divertor, either acutely or in time. Marks, in 8 years of follow-up (with a mean 
of 3 years), reports excellent long-term results, with minimal intimal hyper- 
plasia and no flow restriction (Hopkins 2000). In vessels with compromised 
lumen, the lumen returns to normal (Fig. 14.149). If long-term patency is 
good, stenting, with its low morbidity, may become the treatment of choice 
for larger vessel dissections, and in particular in the extracranial carotid and 
vertebral arteries, avoiding long-term commitment to anticoagulation. 
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Fig. 1.11A-E. CT in acute 
cerebral vascular accident. 

A Hyperdense middle cerebral 
artery sign (HMCAS) (arrow), 
secondary to right internal 
carotid artery (RTICA) dissec- 
tion B (arrows); note the ir- 
regularity at the entrance to the 
petrous bone, with occlusion 
of the Ml segment in C. D Left 
internal carotid artery (LTICA) 
follow-up after 1,000,000 U 
of urokinase selectively into the 
right middle cerebral artery 
with recovery. The RTICA 
closed after the thrombolysis. 

E RTICA after 6 weeks on 
heparin: there is reopening of 
the carotid artery, a residual 
dissecting aneurysm at the 
entrance into the petrous bone 
is seen. Conservative medical 
therapy was chosen with long- 
term antiplatelets. On follow- 
up there was no clinical 
or morphological change 
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Fig. 1.12A-P. Bilateral carotid dissection. A Frontal and B lateral digital subtraction 
angiogram (DSA) of the right common carotid artery demonstrates irregular small 
channels reconstituting the internal carotid artery. Note preservation of the carotid 
bulb and extension of the lesion to the precavernous carotid artery in more than one 
channel. C Lateral and D frontal views of the left common carotid artery showing re- 
constitution of the internal carotid artery through the ascending pharyngeal artery 
to C5. Also see Fig. 14.149 for same patient. E-P see pp. 62-64 
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Fig. 1.12 ( continued ). E-J Road map images of the revascularization of the right ► 
carotid artery, previously thrombosed. A 0.01 -in. microcatheter is engaged at the os- 
tea of this tortuous multichannel lumen (arrow, E). E There is complete flow arrest 
but there is a continuous channel up to the precavernous carotid artery. F A neu- 
romicroguidewire is advanced through the tortuosity. Once a more distal portion is 
reached, the guidewire is pulled back to straighten out the tortuosity, and the micro- 
catheter is advanced (G, H). Also note the disease at the C5 segment of the carotid 
artery. I The microcatheter has reached the level of the ophthalmic artery, beyond the 
stenosis. Retrograde blood flow is obtained. This was then followed by replacing the 
neuromicroguidewire for a long (300-cm) stiffer exchange guidewire I and proceeded 
with a progressive balloon angioplasty K. Note the irregular recanalized lumen 
throughout the internal carotid artery (ICA). L This is then followed with stenting. A 
balloon-mounted flexible coronary stent (SX60) is advanced to the cavernous seg- 
ment of the internal carotid artery representing the most proximal normal carotid 
artery; the balloon is inflated and the stent is deployed. M Frontal view of the entire 
carotid artery lined with the overlapping stents. The last stent is placed with approxi- 
mately 2 mm of overlapping prior to balloon expansion. I-P see pp. 63, 64 
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Fig. 1.12 1-M. 
Legend see p. 62 









Fig. 1.12 ( continued ). N Frontal and O lateral DSA of the common carotid artery af- 
ter total revascularization showing a nearly normal looking carotid artery, with ex- 
cellent filling of the intracranial vessels. In the lateral view, antegrade flow through 
the posterior communicating artery can be seen. P Three months later, ultrasound 
shows the preserved patency of the ICA ( arrows ) 
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Fig. 1.13A-E. Iatrogenic internal carotid artery dissection with poor collateral cir- 
culation treated in emergency. A Lateral view of the common carotid artery during 
cerebral angiography demonstrates an iatrogenic dissection of the carotid artery. 
Note the lucency representing the dissection (arrow). B On the follow-up angiogram 
several minutes later, there is progressive occlusion of the carotid artery by the flap, 
despite full heparinization. C, D Emergency revascularization. C Road map image of 
the microcatheter with neuromicroguidewire crossing the lesion in the true lumen, 
which is confirmed on D following retrograde blood flow, confirming the intralumi- 
nal position of the microcatheter. At this point, an Exchange stiffer 300-cm guidewire 
is used to provide sufficient support to deploy a stent across the entire carotid artery, 
with an excellent final result. E The carotid artery has been repaired 
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Fig. 1.14A-F. A 65-year-old patient presenting with 3.5 h of vision loss. A Lateral dig- 
ital subtraction angiogram of the common carotid artery late arterial phase. There is 
no opacification of the internal carotid artery (arrow). B The anterior deep temporal 
artery anastomoses with the lacrimal artery (arrow) and opacifies the ophthalmic ar- 
tery (curved open arrow). In the later phase, there is late opacification of the internal 
carotid artery but there is no filling of the ophthalmic artery origin. There is stagna- 
tion in the mid segment of the ophthalmic artery at the point of anastomosis from 
the middle meningeal artery, which originates from the ophthalmic artery itself 
(arrow). In the retinal blush only a small segment is visualized (curved open arrow). 
C Coaxial catheterization of the anterior deep temporal artery. Note, the injection of 
contrast material opacifies the variation of the ophthalmic origin of the middle 
meningeal artery (arrow) and then there is filling of the main ophthalmic trunk. The 
internal carotid artery does not opacify. D Legend and E, F see p. 67 
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Fig. 1.14 ( continued ). D Late phase of the anterior deep temporal artery injection 
under flow control. Gentle injection of contrast material opacifies the ophthalmic ar- 
tery anastomosis, with the middle meningeal artery reversing its flow towards the 
ophthalmic main trunk. This makes it possible to use the microcatheter and the anas- 
tomosis as an extension of the catheter tip, to deliver the recombined tissue 
plasminogen activator (r-TPA). E After 7 mg of r-TPA there is opacification of the 
ophthalmic artery in a retrograde fashion, with filling of the internal carotid artery. 
F Late phase of the same injection demonstrates better opacification of the retinal 
blush. The patient had partial recovery of vision 

1.2.4. 16 Central Retinal Artery Occlusion 

Central retinal artery occlusion (CRAO) is a major ophthalmological event, 
usually resulting in blindness. Conventional therapeutic procedures, in- 
cluding ocular massage, carbohydrate inhibitors, and hemodilution are 
not very effective (Gold 1977; Simmonds 1962; Duker et al. 1991). Accord- 
ing to Duker et al., only 33% of patients who underwent these different 
types of treatment experienced significant improvement in vision. 

The role of superselective fibrinolysis, with high local concentration of 
fibrinolytic agents, is very promising, as was demonstrated by Schmidt et 
al. (1992), Schumacher et al. (1993), and Weber et al. (1997), and may be 
considered the treatment of choice for CRAO. 

Most series have employed r-TPA in doses ranging from 40 to 70 mg, in- 
jected superselectively over a 1- to 3-h period. All reported patients have 
undergone similar regimes of systemic heparinization. The time interval 
between the onset of symptoms and the start of treatment is the most im- 
portant factor in determining outcome in patients with CRAO. In fact, the 
clinical outcome was good in the majority of reported series if the treat- 
ment was performed within 6.5 h and in particular when performed less 
than 4.5 h from onset of symptoms (Padolecchia et al. 1999). Additionally, 
a better outcome is obtained when no severe retinal edema is present pri- 
or to treatment (Zeumer et al. 1992; Schmidt et al. 1992; Schumacher et al. 
1993; Weber et al. 1997; Padolecchia et al. 1999). 

For the most part, over-the-wire microcatheters were used, but flow- 
guided microcatheters have also been employed. Revascularization of the 
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Fig. 1.15A, B. Balloon angio- 
plasty of the petrous internal 
carotid artery. A Lateral digital 
subtraction angiogram of the 
right internal carotid artery 
shows a discrete focal stenosis 
of the petrous segment. B Im- 
mediately after balloon angio- 
plasty of the same segment 
with improvement in the flow. 
The deflated balloon markers 
can be seen 



ophthalmic artery can be accomplished even in cases with total occlusion 
of the internal carotid artery. In such cases, the anastomosis from the in- 
ternal maxillary artery and/or middle meningeal artery can be selective- 
ly catheterizgd to deliver the thrombolytic medication (Fig. 1.14, pp. 66, 67) 
(Schumacher et al. 1993; Padolecchia et al. 1999). Treatment is usually 
stopped as soon as improvement in vision is observed and retinal blood 
flow is reestablished. 



1.2.4. 1 7 Internal Carotid Artery Stenosis Above the Carotid Bulb 

The natural history of intracranial ICA stenosis as reported by Marzews- 
ki et al. (1982) showed that cavernous stenosis is the most frequent loca- 
tion after the carotid bulb, followed by petrous lesions and supraclinoid 
stenosis. 

Patients with intracranial ICA stenosis were followed up for an average 
of 3.9 years and divided into three groups depending upon outcome: TIA, 
stroke, or neither. In this group of patients, 12.1% had a TIA and 15.2% 
had a stroke, for an event rate of 27.3%. The rate of stroke in patients 
younger than 65 years of age with intracranial stenosis was 300 times the 
rate when compared to a matching normal population. 

To date, the treatment of these patients has been difficult. The Ex- 
tracranial to Intracranial Bypass Study was not favorable for the extracra- 
nial to intracranial (EC/IC) bypass operation, favoring medical therapy. 
Many of these patients suffer not only from strokes, but also from hypo- 
perfusion symptoms and might benefit from balloon angioplasty, in the 
petrous carotid artery (Fig. 1.15), or preferably balloon-expandable stents 
(Fig. 14.160). There are cases of tandem lesions involving the carotid bulb 
and a more distal lesion such as the cavernous carotid artery, where endo- 
vascular revascularization has become the treatment of choice (Fig. 1.16). 







Fig. 1.16A-E. Tandem lesions. A Common carotid artery (CCA) injection demon- 
strates a 70% narrowing of the carotid artery with a long plaque extending from the 
CCA to the distal carotid bulb. B 3-D image demonstrating the severe stenosis of the 
C5 segment of the internal carotid artery. C CCA after stenting the bifurcation. D The 
guidewire had crossed the distal lesion from the beginning. After repairing the 
bifurcation, a coronary stent was advanced into the C5 segment and the stent was 
deployed. E Follow-up angiogram after stent delivery shows excellent improvement 
in the lumen of the severely narrowed segment 
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1.2.4. 18 General Organization of a Stroke Emergency Team 

Modern global care of stroke victims requires the presence of a round- 
the-clock multidisciplinary team. This group includes the acute rescue 
team of paramedics and other health professionals, stroke nurse coordi- 
nator, and physicians of various disciplines, i.e., medicine stroke neurolo- 
gists, intensivists, vascular surgeons, neurosurgeons, interventional neu- 
roradiologists, and endovascular surgeons. 

Information regarding the feasibility and importance of acute stroke 
treatment should be disseminated in paramedic and allied health profes- 
sional journals. It should be stressed, not only at the professional level, but 
even more importantly to the public and to society as a whole, that acute 
stroke can and should be treated. Efficient therapeutic measures exist that 
may help or cure many stroke patients if they are promptly and accurate- 
ly diagnosed and provided rapid access to dedicated stroke centers. 

Experienced professionals have recommended a number of simple but 
very efficient timesaving maneuvers. Firstly, patients with a suspected 
stroke should be brought as soon as possible to a hospital that has 24-h ac- 
cess to CT and triage carried out by specifically trained professionals. CT 
will then be performed while the acute stroke team is alerted. In 20% of 
cases, a hemorrhage is found (Table 1.7), and the patient will then receive 
appropriate medical and surgical therapy. If the CT reveals no evidence of 
hemorrhage, then a neurologist will immediately examine the patient. De- 
pending on the amount of time that has passed since the onset of symp- 
toms, the neurological findings, and the amount of infarction already 
shown on CT, a decision will be made as to how best to proceed with the 
treatment. If the area of infarction is limited and corresponds to a cortical 
location, and if the time since onset has not exceeded 3 h, then IV r-TPA 
is considered the most appropriate treatment. If the time passed since on- 
set is between 3 and 6 h, and the area of infarction represents less then 
one-third of the MCA territory, anesthesia is notified and the patient is 
immediately transferred to the angiographic suite for possible intra-arte- 
rial thrombolysis. If at all possible, depending on the time window avail- 
able, the patient will have an immediate MRI examination prior to an- 
giography, which will include diffusion-weighted imaging (DWI) and per- 
fusion-weighted imaging (PWI). If the DWI and PWI match (Fig. 1.17), 
this means that there is no significant penumbra and most of the affected 
tissue is already infarcted. This will likely represent a contraindication for 
intra-arterial thrombolytic therapy, or at least the chances of salvageable 
tissue will be low. A DWI/PWI mismatch (Fig. 1.18) suggests the presence 
of a significant penumbra with potentially salvageable tissue. If so, con- 
sent for IA thrombolytic therapy will be obtained from the family while 
the patient is prepared for and undergoes diagnostic angiography with 
intent to treat. The angiogram will provide further information as to the 
anatomical area of occlusion, collateral circulation, and areas of cere- 
brovascular stenosis and/or anatomical variants that may be relevant to 
the decision-making process. If the angiographic findings are perceived 
to be favorable and the final neurological examination confirms lack of 
improvement in the clinical status, then the patient is fully anesthetized 
and superselective catheterization is carried out. A maximum of 20 mg of 
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Fig. 1.17A, B. Diffusion and 
perfusion MRI matching. 

A Diffusion-weighted imaging 
(DWI) approximately 10 h after 
an acute stroke shows the ex- 
tensive diffusion abnormality 
in the left hemisphere. B The 
DWI image matches the perfu- 
sion-weighted image (PWI) 
for lesion volume, suggesting 
that the tissue has already in- 
farcted. This patient would not 
be a good candidate for throm- 
bolysis 




r-TPA is injected into the thrombosed segment over a 40-min period 
while a low dose of systemic heparinization is maintained intravenously 
during the treatment procedure. If following initial recanalization, reoc- 
clusion of the vessel occurs, then adjuvant therapy such as ReoPro should 
be considered as well as mechanical maneuvers such as balloon angio- 
plasty, with or without stenting (Fig. 1.7), or a snare removal device 
(Chopko et al. 2000) may be tried. 

Depending on the regional and local health care situation, two types of 
acute stroke care management strategies are proposed. In a given com- 
munity, all acute stroke patients will be transported to one facility where 
all the above options are available (the stroke center). Alternatively, pa- 
tients will be triaged at satellite centers, where they will be screened with 
CT and evaluated by a neurologist, who will provide intravenous therapy 
if indicated, and the patient will be transferred to the regional stroke cen- 
ter for possible intra-arterial therapy if appropriate. 
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Fig. 1.18A-C. Diffusion-weighted-perfusion-weighted image mismatch. A Magnetic 
resonance angiogram demonstrates absence of the horizontal segment of the left 
middle cerebral artery. B Perfusion-weighted images demonstrate an area of perfu- 
sion abnormality extending in the frontal area. C Diffusion-weighted images demon- 
strate a significantly larger area of diffusion abnormality. This mismatch suggests an 
opportunity for significant salvageable tissue and is a good indication for intra-arte- 
rial thrombolysis 



1.2.4. 1 9 Evolving Treatment Strategies 

Cocktail therapies combining thrombolytics, antiplatelets, free-radical 
scavengers, antioxidants, etc. will most likely be developed to treat various 
aspects of the ischemic insult. Cocktail therapies will be necessary be- 
cause different cells may experience different levels of ischemic injury and 
chemical changes within a given cell vary depending upon time from the 
ischemic event. Unfortunately, the outcome of these adjuvant therapies, 
with the exception of the thrombolytics, has been somewhat disappoint- 
ing, perhaps because they are not reaching their specific destinations in 
time. Treatment in the future may also be targeted towards a specific cell 
type (endothelial, glial, neurons, platelet, lymphocyte, etc.) and a specific 
pharmacological effect (cytokinins, etc.). 

Treatments will also attempt to address the protection of the particular 
environment where the ischemia occurred and other related territories 
(i.e., global vs. focal area of ischemia). 

The use of a combination of thrombolytics, with varying half-lives, as 
well as the utilization of other pharmacological agents that act upon 
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different cells of the coagulation cascade at different times may be im- 
portant. 

As IV thrombolysis and LIAT are being used more often, proper classi- 
fication of the various ischemic stroke types is needed to evaluate their 
comparative efficacy. In addition to clinical assessment, such classifica- 
tion will need CT, MRI, as well as functional MRI, DWI and PWI MRI, and 
angiography. Research models for various therapeutic regimes will also 
be needed for evaluation of safety and efficacy of various treatments. 



1.2.5 Extracranial Carotid Artery Stenosis 
1. 2.5.1 Introduction 

Carotid artery stenosis, particularly involving the origin of the internal 
carotid artery, is a frequent clinical problem in Western populations. 
These stenoses are almost invariably due to atherosclerosis. It may be dis- 
covered as an asymptomatic bruit on physical examination or following 
one or more transient ischemic attacks related to thrombus embolization 
from the stenotic lesions. Carotid stenosis is responsible for 20% of all 
ischemic cerebral events. 

The nature of the atherosclerotic plaque (see Sect. 1.2.3.4, “Mechanisms 
of Atherogenesis”) and the mechanisms by which it results in symptoms 
(e.g., distal embolization) must also be kept in mind when designing and 
assessing any approach to carotid artery disease. 



1. 2.5.2 Natural History 

The natural history of carotid artery stenosis may vary between different 
ethnic, socioeconomic, and gender groups. Within a given population, dif- 
ferent life styles and/or diets may have an important influence in the epi- 
demiology of carotid stenosis. The degree and type of stenosis as well as 
the absence or presence of symptoms will have an impact on the natural 
history of patients with carotid stenosis. As the severity of the stenosis 
increases, the rate of stroke increases. Norris et al. (1991) reported that 
in patients with carotid stenosis of 75%, the rate of stroke is 1.3% per 
year, and if the stenosis is greater than 75%, the stroke rate rapidly rises 
to 10.5% per year. Studies of large populations have found that patients 
with stenosis greater than 75% exhibit a lst-year stroke rate of 2%-5% 
(Zarins 1996; Hennerici et al. 1987). The NASCET study demonstrated 
that symptomatic patients with 70%-99% carotid stenosis followed for 
2 years had a 26% risk of ipsilateral stroke and 28% risk of any stroke 
(Hennerici et al. 1987). 

The presence of an ulcerated plaque and/or extensive ulceration is as- 
sociated with a stroke rate of 7.5% per year (Autret et al. 1987). Patients 
presenting with TIAs and a high-grade stenosis are at a 13% risk of stroke 
in the first year and 37% risk in the first 5 years following the onset of 
symptoms (Dennis et al. 1990). If the presenting symptom is an ischemic 
stroke, the chances for a recurrence are 59% during the first year and 
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Table 1.17. Presentation and risk of stroke 

Presentation 1st year or 5 years NASCET at 

yearly rate 2 years stroke 

TIAs 13% 1st year 37.5% first 5 years 42% 

Amaurosis fugax 2%/year 17% 

Ulcerated plaque 7.5%/year Two- to fourfold more events 

than smooth plaque 



Stroke 


59% 1st year 45% at 5 years 




Table 1.18. 


Progression of stenosis 3 (ultrasound; modified from Johnson 1995) 


% Stenosis 


Symptomatic (7 years) 


Asymptomatic (3 years) 


<50 


23% (3.2%/year) 


_ 


50-79 


50% (7.1%/year) 


17% (5.6%/year) 



Progression to severe stenosis or total occlusion, with an annual stroke rate of 
20.6%/year. 



thereafter a cumulative risk at 5 years of 25%-45% (Sacco et al. 1982). Ul- 
cerated heterogeneous lesions exhibit a reoccurrence two to four times 
greater than nonulcereted homogeneous lesions (Langsfeld et al. 1989; 
Sterpetti et al. 1988). 

The initial symptom also has a prognostic implication of subsequent 
stroke. If the presenting symptom is a TIA or transient monocular blind- 
ness, then the annual rate of stroke is 2% (Jafar 1998). At 7 years, patients 
who presented with amaurosis fugax have a cumulative rate of stroke of 
14%, compared to 27% in patients presenting with a hemispheric TIA 
(Table 1.17) (Jafar 1998). NASCET investigators reported a 2-year risk of 
fatal and nonfatal stroke of 17% after amaurosis fugax and a 42% risk 
after hemispheric TIA. 

In 1995, Johnson et al. (1995) published a study of the natural history of 
232 patients with mild (<50%) and moderate (50%-79%) carotid artery 
stenosis, who were followed up with annual carotid duplex ultrasonogra- 
phy for a mean of 7 years. They reported a progression of the stenosis in 
23% patients, with 50% of these patients progressing to severe stenosis 
(80%-99%) or occlusion. The risk of progression to severe stenosis or oc- 
clusion of the carotid artery was greater in patients whose initial stenosis 
was moderate rather than mild (Table 1.18) (Johnson et al. 1995). 

In asymptomatic patients with 50%-79% stenosis followed up with at 
least two serial ultrasound examinations for a mean of 38 months, pro- 
gression of stenosis was noted in 17% of arteries. There was, however, a 
low incidence of ipsilateral stroke in this group of patients, with a rate of 
disease progression of 0.85% at 1 year, 3.6% at 3 years, and 5.4% at 5 years 
(Rockman et al. 1997). 

As the degree of stenosis progressed up to 80%-99%, the annual rate of 
neurological events increased to 20.6%, even when these patients were 
originally asymptomatic (Bock et al. 1993). 
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Table 1.19. Carotid artery steno- 
sis: risk factors of subsequent 
stroke (in decreasing order) 



Ipsilateral stroke 
TIA or amaurosis fugax 
Severity of stenosis 
Progression of stenosis 
Carotid occlusion 
Contralateral stroke 
Heart disease 
Plaque ulceration 
Carotid bruit 



In a retrospective review of 167 patients with carotid occlusion, 27% of 
whom had no history of symptoms, 43% had suffered a stroke and 17% 
had had a TIA, revealed on follow-up (mean, 39 months), 18% had devel- 
oped a stroke, 67% of which were ipsilateral to the occlusion (Faught et al. 
1993). Heart disease was the cause of death in 15% during follow-up. The 
rate of contralateral stroke was 33%, with a higher 5-year stroke incidence 
(77%) in patients with 50%-99% stenosis compared to patients with less 
severe (<50%) stenosis (94%) (p= 0.082) (Faught et al. 1993). 

An additional risk factor of subsequent stroke is plaque ulceration. The 
pathophysiological process of plaque rupture, foam cell infiltration, and 
thinning of the fibrous cap occurred more often in patients with sympto- 
matic rather than asymptomatic carotid stenosis (Carr et al. 1996). In 
medically treated NASCET patients, plaque ulceration increased the risk 
of ipsilateral stroke over a 2-year follow-up, from 26.3% to 73.2%, as the 
degree of carotid stenosis progressed from 75% to 99%, respectively. In 
patients without plaque ulceration, the 2-year stroke risk rate was 21.3% 
regardless of the degree of stenosis (Eliasziw et al. 1994) (Table 1.19). 
Therefore, the risk of a neurological event nearly doubles in the face of ul- 
ceration and increasing severity of carotid stenosis. 

Patients with carotid disease at locations other than the bifurcation 
may have a lower natural risk of stroke. Those who have other medical 
problems such as coexisting coronary disease may die or become disabled 
from these other conditions before the benefits of carotid endarterectomy 
(CEA) or carotid angioplasty and stenting (CAS) can be seen. 



1. 2.5.3 Carotid Bruit 

While carotid bruits are common, they do not predict the severity of 
stenosis. Since carotid bruits are associated with an increased risk of sub- 
sequent stroke and cardiac death, all patients with carotid bruits should 
undergo carotid duplex ultrasound examination by a well-qualified vas- 
cular laboratory as well as an assessment for coronary artery disease. 
Once the degree of carotid stenosis has been determined, the risk of pro- 
gression and subsequent neurological events can be determined. 



1.2.5.4 Imaging 
Carotid Ultrasound 

Carotid duplex ultrasound has become the most frequently employed im- 
aging modality in the diagnostic evaluation and follow-up of patients 
with suspected carotid artery disease. It is a noninvasive diagnostic imag- 
ing method with a high degree of sensitivity and specificity. Unless the 
degree of clinical suspicion suggests otherwise, there will be few reasons 
to proceed to catheter angiography (or other tests) when the ultrasound 
examination is normal. 

Further diagnostic work-up for patients with carotid stenosis varies 
depending on extent of disease. In symptomatic patients with 30%-50% 
carotid stenosis, ultrasound testing should be repeated at least every 
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Fig. 1.19A-C. Ultrasound as a 
diagnostic modality. A Lateral 
digital subtraction angiogram 
of the right common carotid 
artery shows a 50% narrowing 
of the carotid artery lumen. 

B B-mode ultrasound showing 
the area of narrowing when 
comparing the internal to the 
external carotid artery. C Color 
Doppler, which clearly shows 
the internal carotid artery 
narrowing at the bifurcation 
(arrow) 




6 months. In patients with carotid stenosis of 60% or more, ultrasound 
findings are usually corroborated with another noninvasive technique 
such as MRI or CTA. Presently, at most institutions, catheter angiography 
is rarely used in the diagnostic work-up, unless there is discordance be- 
tween the various noninvasive imaging studies. 

The reliability of ultrasound imaging is, however, very much operator 
dependent, and several factors, including the equipment utilized, may in- 
terfere with the accuracy of the results provided. In order to avoid making 
improper treatment decisions based on erroneous ultrasound reports, it 
is recommended to audit and validate the ultrasound laboratory versus 
catheter angiography obtained on the same group of patients (Fig. 1.19). 
Once the laboratory has been validated for the assessment of the degree of 
carotid stenosis, then audits should be carried out from time to time to 
ensure that their test results remain reliable. 

Duplex scan and color-flow Doppler are noninvasive techniques with 
potential to assess both luminal features and arterial wall structure and 
are often used both before and after therapy. Duplex scanning is superior 
to other techniques such as catheter angiography in evaluating carotid 
plaque morphology. At present, if duplex ultrasound suggests total ex- 
tracranial occlusion, angiography is still indicated because it is difficult 
to differentiate total occlusion from a high-grade stenosis by ultrasound. 
Ultrasound limitations also include the potential of missing skull base or 
intracranial arterial stenosis and intracranial aneurysms. 

The role of transcranial Doppler as a complement to duplex ultra- 
sonography is limited. It may be of assistance in determining flow pat- 
terns and direction of flow at the ophthalmic level, at the circle of Willis, 
or at the basilar level. Ultrasound is also of limited value in the evaluation 
of carotid dissection, while dissections in the vertebrobasilar territory are 
even more difficult to demonstrate. 
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Table 1.20. Carotid ultrasound: hemodynamic assessment 



Carotid 

stenosis 


PSV 

(cm/s) 


EDV 

(cm/s) 


Sensitivity 

(%) 


Specificity 

(%) 


Predictive 

value 

+ 


Accuracy 

(%) 




>140 


>100 


85% 


98% 


90% 


96% 


97% 




>130 


<100 


92% 


97% 


93% 


99% 


97% 




Not well established 











PSV, maximal peak systolic velocity; EDV, end diastolic velocity. 



Some of the newer refinements in ultrasound imaging include color- 
coded Duplex, 3-D ultrasound, and double enhanced ultrasound. Added 
advantages include the ability to identify intraluminal thrombi loosely 
attached to the arterial wall, ulceration, and intramural hemorrhage 
(Alexandrov and Norris 1997). 

Hemodynamic assessment by ultrasound utilizes the maximal peak 
systolic velocity (PSV) and the end diastolic flow velocity (EDV) meas- 
urements to quantify the degree of stenosis, by comparing the site of max- 
imum stenosis to the diameter of the distal carotid artery. 

For a 70%-99% carotid stenosis, a PSV of more than 140 cm/s and an 
EDV of more than 100 cm/s provides a sensitivity of 85% and a specifici- 
ty of 98%, with a predictive positive value of 90%, and a negative predic- 
tive value of 96%, with an overall accuracy of 95%. 

For a 50%-69% carotid stenosis, a PSV greater than 130 cm/s and an 
EDV of less than 100 cm/s proved to be the best combination, with a sen- 
sitivity of 92%, a specificity of 97%, a predictive positive value of 93%, a 
negative predictive value of 99%, and an accuracy of 97%. 

For 30%-49% carotid stenosis, these criteria are less well established 
(Table 1.20). 

The ratio of the peak systolic velocity in the ICA to the peak systolic ve- 
locity of the CCA, can accurately identify severe stenosis. An ICA/CCA 
systolic velocity ratio of 4 or greater predicts a stenosis greater than 70%, 
with a sensitivity of 91%, a specificity of 90%, a predictive positive value 
of 87%, a negative value of 94%, and an overall accuracy of 91%. 

There are generally no accepted criteria to quantify stenosis with the 
color flow Doppler alone. 

The presence of high-grade stenosis and certain plaque morphology in 
the cervical carotid artery is associated with increased risk of cerebral 
embolization events. Ultrasound can detect these potential emboli as 
high-intensity transient signals (HITS). 

The risk-benefit ratio of treatment can be difficult to establish. Ultra- 
sound, by characterizing the nature of carotid plaque and detecting HITS, 
may help determine which individuals are at greatest risk of cerebrovas- 
cular events. The risk-benefit ratio may become more accurate and mean- 
ingful if treatment options are adapted to individual patients, based in 
part upon these ultrasound findings. 

Microemboli are most often detected beyond symptomatic carot- 
id stenosis and the rate of micro emboli is markedly reduced follow- 
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Table 1.21. Gerolakos and Nicolaides classification of plaque morphology (ultrasound) 

Type I Uniformly echolucent plaque with or without a thin echogenic cap 
Type II Predominantly echolucent plaques with less than 50% echogenic areas 
Type III Predominantly echolucent plaques with less than 50% echolucent areas 
Type IV Uniformly echogenic plaques 

Type V Plaques that cannot be classified due to calcifications producing acoustic 
shadows 



ing endarterectomy. HITS are absent in control groups without carotid 
plaque. 

The characterization of the structure of the plaque has been made pos- 
sible with the advent of high-resolution B-mode ultrasound scanning, 
which may allow for a better correlation between plaque morphology and 
symptoms. 

B-mode ultrasound scanning is able to differentiate the composition of 
carotid plaques. Fibrous or calcified material is more echogenic than lipid 
or intraplaque hemorrhage. It has been estimated that intraplaque hem- 
orrhage is 1. 6-6.7 times more common in symptomatic patients. 

Lipid-filled and hemorrhagic plaques have a greater potential for ul- 
cerating and embolizing. Plaque fracture over the site of the hemorrhage 
may lead to luminal thrombi formation. The most recent classification of 
plaque morphology is that of Gerolakos and Nicolaides (Table 1.21). 

The visualization of ulceration in plaques is limited by size. An ulcer 
must be larger than 2 mm and deeper than 2 mm to be detected. Ulcera- 
tions are characterized by echocentric defects in the plaque, with smooth 
contours and abrupt margins. Use of 2-D and 3-D ultrasound should im- 
prove the ability to detect plaque ulceration. 

A proper ultrasound report should describe the degree of stenosis, the 
analysis of the occluding material, and the integration of the stenosis into 
the context of the overall visualization of the vessel wall, as well as the clin- 
ical status of the patient (Luizy 1998; Alexandrov and Norris 1997). 

Computer Tomographic Angiography 

Computer tomographic angiography (CTA) provides excellent imaging of 
the cervical carotid arteries. When technically possible, it is a good way to 
image the carotid bifurcation, and the axial source images provide accu- 



Fig. 1.20A-F. Computer tomographic angiography (CTA). Patient with a left hemi- ► 
spheric stroke was referred for endovascular treatment of the left carotid artery. The 
patient underwent CTA to demonstrate a long stenotic lesion of the left carotid ar- 
tery. CTA of the left (A) and right (B) carotid arteries demonstrates a long segment 
of narrowing just distal to the carotid bifurcation on the left, and no significant dis- 
ease on the right. Left common carotid artery digital subtraction angiogram of the 
neck (C), and the right common carotid artery neck (E), correlate well. However, 
films of the intracranial circulation on the left (D) and the right (F) demonstrate se- 
vere disease in the petrous and cavernous carotid arteries not visible on the CTA. 

This represents a contraindication for any type of carotid endarterectomy and severe 
limitations for endovascular treatment 
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Fig. 1.21A-D. Intracranial 
computer tomographic angiog- 
raphy (CTA). A Axial CTA 
demonstrates stenosis of the 
right middle cerebral artery 
(RTMCA) (arrow). B Coronal 
CTA in the same patient 
demonstrates a stenotic lesion 
in the upper basilar artery 
(arrow). C Digital subtraction 
angiogram confirms the steno- 
sis. D After balloon angioplasty 



rate information regarding the cross-sectional degree of stenosis. Signifi- 
cant limitations include patient motion, short neck, and severe calcifica- 
tions. However, the more problematic aspect of CTA, similar to ultrasound 
and to a certain degree MRA, is the limited information or lack of infor- 
mation on the vessels at the base of the skull and the status of the collat- 
eral circulation (Fig. 1.20). 

CTA, however, is improving rapidly with the newer fast scanners, al- 
lowing noninvasive visualization of intracranial stenotic areas (Fig. 1.21) 

Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) is rapidly improving in its ability to 
accurately and noninvasively image the carotid arteries. Magnetic reso- 
nance angiography (MRA) has the advantage of imaging from the origin 
of the brachiocephalic vessels to the intracranial circulation (Figs. 1.22, 
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Fig. 1.22. Magnetic resonance angiography (MRA). The sophistication and ability of 
MRA to act as a noninvasive screening method of vascular assessment is increasing 
rapidly. Examples of 3-D time-of-flight central encoding MRI with gadolinium en- 
hancement demonstrates the aortic arch, both carotid arteries with severe stenosis 
on the left carotid at the cervical bifurcation, and visualization of the intracranial cir- 
culation 



1.23). Some of the limitations of MRA are related to patient motion, arti- 
facts secondary to metal implants, and at the skull base MRA may exag- 
gerate the severity of stenosis. The meaning of signal drop distal to a 
stenosis may have important implications in assessing the severity of such 
stenosis (Fig. 1 .24). MRA, in combination with MRI, DWI, and PWI, is able 
to detect associated lesions such as multiple events, the age of lesions, 
and intracranial occlusive vascular lesions (Fig. 1.23). MRI has the addi- 
tional advantage of showing parenchymal abnormalities and their result 
(Fig. 1.25). Functional information is also derived from MRI, with the de- 
tection of abnormalities in diffusion, perfusion, and their relationship 
(DWI/PWI mismatch) (Figs. 1.17, 1.18), the discovery of incidental 
aneurysms, multiplicity of insults at various circulations in conditions 
such as emboli from cardiac origin or vasculitis (Fig. 1.26), or other non- 
vascular pathology. In dissections, MRI has the great advantage of assess- 
ing the vessel wall as well as the lumen (Fig. 1.9). At present, there are mul- 
tiple investigators attempting to use MRI spectroscopy to differentiate 
various plaque types, and correlate the type with the risk of distal em- 
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Fig. 1.23A-D. The value of magnetic resonance angiography (MRA). A, B MRA time- 
of-flight after contrast material in axial (A) and frontal (B) projections show a steno- 
sis of the left Ml segment (arrows). C Axial Tl-weighted image shows the area of 
stenosis (arrow). D Catheter angiography frontal view correlates the area of stenosis 
with the MRA and conventional MRI (arrows) 




Fig. 1.24A, B. Signal drop in 
magnetic resonance angiogra- 
phy. A 3-D time-of-flight MRI 
frontal view shows an area of 
stenosis in the petrous segment 
of the internal carotid artery 
(arrow). Note the drop of signal 
in the distal right internal 
carotid artery including the A1 
and Ml segments. B Conven- 
tional catheter angiography 
confirms the area of stenosis 
(arrow) and the poor circle of 
Willis 
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Fig. 1.25 A, B. Embolic infarct 
secondary to left vertebral ar- 
tery dissection. A T2-weighted 
MRI shows a posterior 
thalamic infarct (arrow). 

B Catheter angiography shows 
the dissection of the vertebral 
artery (small arrows) 




Fig. 1.26A, B. Vasculitis pre- 
sented as multiple cerebral in- 
farctions. A T2-weighted MRI 
shows multiple increased sig- 
nals compatible with multiple 
events. B Lateral subtraction 
angiogram demonstrates the 
diffuse vasculitis throughout 
the opercular branches of the 
middle cerebral artery 




bolization and natural history, with obvious implications. The addition of 
IV contrast material provides enhanced accuracy in cases of questionable 
flow in what appears to be an otherwise total occlusion. 

In the near future, quantitative analysis of flow will further enhance the 
utility of MRI in patients with occlusive vascular disease. 
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Carotid Angiography 

Nowadays carotid angiography is performed less and less as a primary 
method for investigation of patients presenting with cerebral ischemic 
events. The switch towards noninvasive imaging techniques can only be 
made when the laboratories performing these techniques have been vali- 
dated locally for catheter angiography. Carotid angiography is now most- 
ly reserved for specific situations, where the diagnosis is difficult or im- 
possible to make with the less invasive studies or when such studies are in 
disagreement. Catheter angiography is still the gold standard for evaluat- 
ing the status of the intracranial circulation and the presence of collateral 
circulation, and has a better spatial resolution than CTA or MRA. Angio- 
graphic imaging is evolving rapidly with the advent of three-dimensional 
(3-D) reconstruction from a rotational acquisition arterial injection. 
These images can be of great assistance, as they make it possible to visu- 
alize the vessels at any possible angle (Fig. 14.24), and in addition, one 
can acquire an “endoscopic” view of the lumen before and after treatment 
(Fig. 1.27) 

Nevertheless we anticipate that diagnostic catheter angiography will be 
performed less frequently in the future and mostly be done in preparation 
for endovascular treatment. 



1.2.5.5 Treatment 

As the degree of carotid artery stenosis has become the main parameter 
for treatment decisions, we would like to emphasize that the best way to 
measure stenosis remains controversial (Table 1.22). Percent of stenosis 
assumes a standard method of measurement, comparing the narrowest 
lumen diameter at the bifurcation to the normal diameter of the internal 
carotid in a vertical distal segment (Grotta 1997). In our opinion, this is 
inadequate both because it fails to take into consideration the true cross- 
sectional degree of the stenosis and because the comparative measure- 
ment is done distal to a stenotic restrictive lesion. Nevertheless, the relative 
values of the NASCET measurements are probably comparatively valid. 



Table 1.22. NASCET: risk of stroke vs. percentage of stenosis (see also Table 1.21) 



Stenosis 

% 


Patients 




Events 

(ipsilateral) 


Risk 




NTT 


P 


Med 


Surg 


Med 


Surg 


Abs 


Rel 


70-99 


331 


328 


26.1 


12.9 


13.2 


51 


8 


0.00005 


50-69 


428 


430 


22.2 


15.7 


6.5 


29 


15 


0.045 


<50 


690 


678 


18.7 


14.9 


3.8 


20 


26 


0.16 



Surg, surgical; Med, medical; Abs, absolute; Rel, relative. 
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Fig. 1.27A-H. 3-D selective catheter angiography. A Reconstructed 3-D image of the 
common carotid artery showing the stenosis starting from the common carotid ar- 
tery and extending into the origin of the internal carotid artery. B Source images 
from which the 3-D images were reconstructed show the impingement in the lumen 
of the internal carotid artery {arrow). C “Endoscopic” view shows the impingement 
in the internal carotid artery lumen with a larger external carotid visualized. D Con- 
ventional catheter angiography prior to endovascular stenting confirms the previ- 
ously described findings. E 3-D reconstructed image after stenting shows the stent 
from the common carotid artery and in the internal carotid artery. F Source image 
shows the common carotid lumen in a circumferential fashion. G “Endoscopic” view 
shows the improvement in lumen at the common carotid artery. H Catheter angiog- 
raphy confirms the improvement in the internal carotid flow and the narrowing in 
the external carotid artery 
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1. 2.5.6 Symptomatic Carotid Stenosis 

At present, the primary treatment for symptomatic carotid stenosis 
greater than 70% is surgical carotid endarterectomy (CEA). The efficacy 
of CEA for extracranial carotid stenosis has now been unequivocally 
demonstrated. The publication of several large trials from around the 
world has provided valuable information on the management of patients 
at high risk of stroke, which includes patients with transient ischemic at- 
tacks (TIAs) or minor strokes that are referable to a high-grade stenosis 
at the carotid bifurcation. 

This important work was the result of the cooperative efforts of neu- 
rologists, neurosurgeons, vascular surgeons, and neuroradiologists who 
addressed the issue of efficacy of CEA in various prospective randomized 
trials (NASCET 1991; ECST 1991, 1996; Mayberg et al. 1991). 

The benefit of CEA in both studies assumes a perioperative risk of 
stroke or death of 6% or less at 30 days. In patients with TIAs or minor 
stroke, the CEA trials have provided a great deal of useful information: 

• If the symptoms are referable to a 70% diameter stenosis at the carotid 
bifurcation, CEA reduces the risk of subsequent ipsilateral stroke from 
26% during the first 2 years with optimal medical management to 9% 
with carotid endarterectomy, including the morbidity and mortality of 
CEA (NASCET 1991). This is a 65% risk reduction (p<0.001). The risk 
of a major stroke and death was 13.1% after medical treatment and 
2.5% after CEA (p<0.001). The benefit of CEA becomes evident after 
3 months, despite the risk of surgery. 

• The risk of stroke without surgery is greater with increasing degrees of 
stenosis, reaching 30% during the first year for patients with 90%-95% 
stenosis (Tables 1.2, 1.22). 

• CEA benefits patients with either hemispheric or retinal symptoms and 
in all relevant demographic subgroups. 

• Surgery was found to be of no benefit for lesions with less than 50% 
stenosis. 

• The risk-benefit of CEA for 50%-70% stenosis remains under investi- 
gation, although present discussions have suggested that if a risk of in- 
tervention (CEA or CAS) of less than 3% can be achieved, it may be of 
benefit. 

• The ECST results are very comparable to those of the NASCET in those 
symptomatic patients with 70% or greater stenosis. The study reported 
a 16.8% risk of stroke after medical treatment, compared to 2.8% after 
endarterectomy (p<0.001; Table 1.23). 

• In ECST, the benefit of surgical intervention in the 30%-69% stenosis 
group was uncertain. 



1. 2.5.7 Asymptomatic Carotid Stenosis 

The benefit of CEA is small for patients with asymptomatic carotid steno- 
sis of 60% or less: a 1% risk reduction per year for stroke. This is further 
qualified by the low risk of major stroke with either medical treatment or 
surgery in 1,662 asymptomatic patients and a possible lack of benefit in 
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Table 1.23. NASCET and ECST: risk of stroke at 2 years (see also Table 1.14) 







Stenosis 

% 


Risk of 
stroke 
(2 years) 


Risk stroke 
or death 


Risk ■ P 

reduction 






Med 


CEA a 


Med 


CEA 


NASCET 

ECST 


>70% b 

>70% 


26% 

16.8% 




13.1% 


2.5% 65% <0.001 



ECST, European Carotid Surgery Trial; NASCET, North American Symptomatic 
Carotid Endarterectomy Trial; CEA, carotid endarterectomy; Med, medical. 
a CEA includes perioperative risk of stroke or death less or equal to 6% at 30 days. 
b Stenosis of 90%-95%, 30% risk of stroke or death in the first year with medical 
therapy. 



Table 1.24. Asymptomatic Carotid Atherosclerosis Study risk reduction 



Stenosis % 


Risk of stroke/death 


Relative risk 
reduction (5 years) 


P 




Medical 


CEA a 




>60% 

>60% 

<60% 


10.6% 


4.8% 


53% in males 
17% in females 
1% (per year) 


<0.004 

Not significant 
Very low 



CEA, carotid endarterectomy. 

a CEA includes 2.3% perioperative risk of stroke or death at 30 days (as of 1994). 



women (ACAS 1994) (Table 1.24). For stenosis greater than 60% over a pe- 
riod of 5 years, the risk of stroke was 10.6% following medical treatment 
and 4.8% after endarterectomy (p<0.004), hence a 53% risk reduction. It 
should be noted that in the 1994 ACAS trial, the perioperative risk of CEA 
was only 2.3%, as compared to 7.5% in the NASCET. 

The benefits of CEA or carotid angioplasty and stenting (CAS) are crit- 
ically dependent upon the rate of perioperative complications. If the com- 
plication rate goes up, the benefit of intervention is quickly lost. 

In the Veterans Administration (VA) study of symptomatic patients 
with stenosis greater than 50%, the combined neurological perioperative 
morbidity and mortality of CEA was 5.8% (Mayberg et al. 1991). In the VA 
asymptomatic patients study, the risk of CEA was 4.3% (Hobson 1993). 

Other non-CNS complications from CEA in the NASCET included 
myocardial infarction (0.9%), cranial nerve deficits (7.6%), hematoma 
(5.5%), and infection (3.4%) (Table 1.25). 

When critically reviewing the results of all these large studies, one has 
to recognize that in both the NASCET and ACAS, all high-risk patients 
were excluded and therefore their results apply to a very select patient 
population. Patients with the following characteristics were excluded 
from these studies (Table 1.26): 
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Table 1.25. NASCET non-CNS complications from carotid endarterectomy 



Complication 


% 


Myocardial infarction 


0.9% 


Cranial nerve deficit 


7.6% 


Hematoma 


5.5% 


Infection 


3.4% 


Table 1.26. NASCET exclusion: high-risk patients 



Over 79 years of age 

Severe cardiac, renal, hepatic disease, or patients suffering from cancer with a life 
expectancy of less than 5 years 

Cardiac valve replacement or arrhythmia 

Unstable angina or myocardial infarction less than 6 months old 

Previous endarterectomy 

Previous radical neck dissection 

Previous radiotherapy 

Patients with unstable angina or myocardial infarction within the preceding 6 months 
Patients having undergone a major surgical procedure during the last 30 days 
High cervical, petrous or cavernous carotid lesions 
Contralateral carotid occlusion 



Among these high-risk patients, the risk of CEA is significantly increased. 
Dyken and Pokra (1984) reported the risk of death in a patient with coro- 
nary artery disease to be between 4% and 18%, with a 2.8% mortality risk 
in 85,000 CEA procedures. Muuronen (1984) reported a mortality rate of 
3.8% and a morbidity rate of 14.5% in a study of 1 10 cases with coronary 
artery disease. Thompson (1986) reported a mortality of 3.4% and mor- 
bidity of 2.7% associated with 748 CEAs in a similar group. 

In a meta-analysis of 25 studies done since 1980 on the risk of stroke 
and death due to surgery, Goldstein and colleagues (Goldstein et al. 1997) 
estimated a 30-day complication rate of 3.35% for asymptomatic patients 
and a 5.18% rate for symptomatic stenosis. 

The recorded risk of stroke and/or death was highest in studies in 
which patients were assessed by a neurologist after surgery (7.7%) and 
lowest (2.3%) in studies reported by a single author (surgeon) (Rothwell 
et al. 1996) 
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Table 1.27. Restenosis after carotid endarterectomy 



Year 


1st 


2nd 


3rd 


Long term 




10% 


3% 


2% 


1 %/year 



1. 2.5.8 Restenosis After Carotid Endarterectomy 

The patency rate reported following CEA is over 90% at 5 years and 90% 
at 10 years. The reported restenosis rate is 1.2%-23.9%, depending upon 
the operative technique and the mode of follow-up (Raithel 1996). The 
risk with reoperation is high and includes a higher chance of cranial nerve 
damage (Bergeron et al. 1996). 

Fredricks et al. (1998) reviewed the literature to determine the inci- 
dence of recurrent stenosis after carotid endarterectomy. Although the 
collected data included several studies with widely ranging criteria, the 
review showed the risk of recurrent stenosis to be 10% in the first year, 3% 
in the second, and 2% in the third. Long-term risk of recurrent stenosis is 
about 1% per year (Table 1.27). 

The reported relative risk of stroke in patients with recurrent stenosis 
compared with patients without recurrent stenosis varied widely, ranging 
from 10% to 0.10% (1:10-10:1). 

It is clear that the risk of recurrent stenosis is highest in the first few 
years after carotid endarterectomy and very low subsequently. Increasing 
mean patient age was associated with a higher risk of ipsilateral stroke, 
and the use of a patch closure resulted in a lower risk. 

In the absence of evidence to the contrary, the literature shows that 
many vascular surgeons reason by analogy. They assume that the second- 
ary lesions of intimal hyperplasia and recurrent atherosclerosis carry the 
same increased risk of obstructive and thromboembolic ischemia as pri- 
mary obstructive and atherosclerotic lesions, although the histopatholo- 
gy and physiopathology of the two lesions are very different. Until more 
reliable data become available, this reasoning by analogy will probably 
prevail. 

Meyer et al. (1994) reported on the outcome of CEA for recurrent 
carotid stenosis in 82 patients. These patients suffered combined rates of 
major morbidity and mortality of 10.8%, with an additional minor is- 
chemic event that recovered in 3.3%. In addition, cranial nerve damage 
was more frequent in reoperations. 
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1 .2.6 Carotid Angioplasty and Stenting 
1. 2.6.1 Introduction 

Since the development of balloon angioplasty for atherosclerotic lesions by 
Gruentzig in the early 1970s (Gruentzig and Hopff 1974), balloon angio- 
plasty has gained wide acceptance for the treatment of atherosclerotic and 
other vascular stenosis in the cardiac and peripheral circulation. In various 
trials, involving many organ systems, percutaneous transluminal angio- 
plasty (PTA) has been shown effective. Despite several large studies, there is 
still debate about its relative efficacy and applicability compared to surgery. 
This is primarily because long-term patency after PTA is only related to 
restenosis, which is well documented in the coronary, renal, and peripheral 
circulation (Currier and Faxon 1995; Lange et al. 1993; Blum et al. 1997). 

Extracranial carotid PTA has been in use for nearly a decade (Theron 
et al. 1990; Mathias 1999; Dorros 1998b). As the cardiac and peripheral 
vascular experience has demonstrated, the use of endoluminal stents has 
proven to be safer and associated with better long-term outcome than an- 
gioplasty alone. Many published studies on carotid angioplasty and stent- 
ing also appear to favor balloon-assisted stenting versus balloon angio- 
plasty alone (Theron et al. 1996; Iyer et al. 1997; Yadav et al. 1996). 

Vascular stents have gained wide popularity over the last few years and 
many different types of stents are currently in clinical use or in varying 
stages of development. In almost all studies that directly compare PTA 
and stents, the patency rate with stenting has been better than that of an- 
gioplasty alone (Serruys et al. 1994; Fischman et al. 1994). So far, there has 
been no study completed that directly compares outcome of primary stent 
placement versus surgery in any vascular system. 

Over the last years, there has been a great deal of interest in treating ex- 
tracranial carotid stenosis with angioplasty supplemented by stent de- 
ployment, although only a few large studies have been reported. 

From the various retrospective reports on CAS in mostly nonrandom- 
ized series of highly selected mostly high-risk patients, all series except 
one (Naylor et al. 1998) demonstrated favorable results. Actually, the re- 
sults recorded were similar to those associated with CE in nonselected, 
non-high-risk populations, and the results were better than CE in the so- 
called high-risk group. Furthermore, the patients were treated with a va- 
riety of available stents (including balloon-expandable and self-expand- 
able stents), not designed specifically for the carotid artery and without 
distal protection devices (see Chap. 14, Sect. 14.16, “Techniques of Carotid 
Angioplasty and Stenting,” this volume). 

In 1996, Roubin and co-workers (1996) reported 152 CASs in a group of 
patients in which over 80% of patients would have been excluded from 
NASCET. Technical success was achieved in 99% of cases. Stent thrombo- 
sis occurred in 0.6%. The 30-day mortality rate was 0.6%, major stroke oc- 
curred in 1.2%, there was a minor (nondisabling) stroke rate of 4.8%, a 
minor stroke (with residual weakness) stroke rate of 1.2%, and a follow- 
up TIA rate of 1.3%. Restenosis was seen in 5% of 74 patients eligible for 
follow-up. Interestingly, most restenoses were related to deformation of 
Palmaz stents. 
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Table 1.28. Carotid angioplasty and stenting 





No. of 
patients 


Technical 

success 


Stent 

throm- 

bosis 


30-day Major 
mor- stroke 
tality 


Minor 

stroke 


F/U 

TIA 


Reste- 

nosis 3 


Rubin 1996 


152 


99% 


0.6% 


0.6% 


1.2% 


6% 


1.3% 


5% 


Iyer 

et al. 1996 


543 


97% 


- 


0.6% 


3.3% 


2.2% 




- 


Dietrich 
et al. 1996 


110 


99% 


1.7% 


0.9% 


1.7% 




4.3% 


- 


Wholey 
and Eles 1998 


2048 


98% 


- 


1.37% 


1.32% 


3.08% 




4.8% 


Naylor 
et al. 1998 


7 








5/7 b 








Shawl 1998 


124 c 


99% 


- 


0% 


0.8% 


2% 




2% 



F/U TIA, follow-up transient ischemic attack. 
a Most related to deformation of Palmaz stent. 
b Trial stopped because of poor results. 
c High-risk patients. 



Iyer et al. (1996) reviewed the results of a multicenter study that in- 
cluded 543 patients undergoing CAS, which demonstrated similar results. 
Technical success was achieved in 97%. Complications included a major 
stroke rate of 3.3%, a minor stroke rate of 2.2%, and a death rate of 0.6%. 

Diethrich et al. (1996) reported on the results of CAS in 110 patients, 
with a technical success rate of 99%, a major stroke rate of 1.7%, TIA in 
4.3%, and a stroke-related death rate of 0.9%). In three patients (2.6%), the 
procedure needed to be converted to CEA. Two (1.7%) cases of asympto- 
matic carotid artery thrombosis occurred. One other patient had resteno- 
sis from intimal hyperplasia at 7 months. No new neurological events 
occurred at 7 months, and one additional stented carotid thrombosed. 
Diethrich also used a number of different balloon-expandable stents. 

In 1998, Wholey and co-workers (1998) surveyed the results of CAS 
throughout the world, with 24 major centers responding. 2,048 CAS pro- 
cedures were collected, with a technical success rate of 98%. Complica- 
tions during the procedure or within the first 30-day period following 
CAS included a major stroke rate in 1.32% and minor stroke rate in 3.08%. 
Death occurred in 1.37% of patients and there was a reported restenosis 
rate at 6 months of 4.80% (mostly after Palmaz stents). No distal protec- 
tion was used (Table 1.28). 

A large number of reports continue to appear with similar or better re- 
sults (Horowitz and Purdy 2000). The only exception is the report by Nay- 
lor et al. (1998), in which five out of seven patients suffered a stroke from 
the procedure, prompting the trial to be stopped for safety and ethical 
reasons. The explanation for such poor results is difficult to understand 
and was almost certainly related to the technique used. 

Shawl (1998) reported a series of high-risk patients in whom 124 
carotid arteries were stented with a 99% technical success rate, a major 
stroke rate of 0.8%, and a minor stroke rate (that resolved within 7 days) 
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Table 1.29. Carotid endarterectomy (CEA) vs. carotid angioplasty and stenting (CAS) 
in high-risk patients 



CEA 


CAS 


No. of 


Major 


Minor 


30-Day 


Total 


Severe 






patients stroke 


stroke 


mortality stroke 


M and M 


NASCET 












14.3% 




Meyer 1994 




82 a 




3.3% 

Transient 






10.8% 




Shawl 1998 


124 


0.8% 


2% 


0% 


2.8% 


2.8% 




Mericel 1999 23 b 






0% 


0% 






Yadev 1996 


25 a 










4% 




Berenstein 

2000 


60 


0 


1(2%) 


0 


1(2%) 


0 



M and M, morbidity and mortality. 
a Restenosis after CEA. 

b Severe stenosis and contralateral total occlusion. 



of 2%. In 92 patients with a 6-month follow-up, only 2% had asympto- 
matic restenosis. 

Mericle et al. (1999) treated 23 patients with severe carotid stenosis and 
contralateral carotid occlusion. Twenty-one stents were used. At 30 days, 
the stroke/death rate was 0%. This group fared very favorably when com- 
pared with a similar group of patients reported at the NASCET trial in 
which the stroke rate was 14.3%. 

Yadav et al. (1996) reported on 25 carotid restenoses after CEA, retreat- 
ed with CAS, with a 4% periprocedural complication rate. These results 
contrast with those of Meyer et al. (1994), who reported on the outcome of 
CEA for recurrent stenosis in 82 patients. This group of patients suffered 
a combined rate of major morbidity and mortality of 10.8%, and addi- 
tional minor ischemic events that recovered in 3.3% (Table 1.29). 

Our own experience consists of over 100 consecutive CASs, all in high- 
risk patients. Technical success was achieved in all attempted cases except 
one where the procedure was aborted because of tortuous anatomy. A mi- 
nor MI occurred in a 91-year-old man, and there was one angiogra- 
phically demonstrated distal embolization without clinical symptoms. No 
periprocedural neurological events occurred in any of our patients treat- 
ed with CAS, despite multiple co-morbidities in most of the patients 
(Table 1.28). 

However, before widespread clinical use of CAS as an alternative to 
CEA can be proposed, several important points must be considered. 

The risks of diagnostic carotid angiography alone, particularly in pa- 
tients with often widespread atherosclerotic disease, are not trivial. Al- 
though CAS adds catheter angiography to the procedure, it also provides 
us with a more accurate measurement of the degree of stenosis, presently 
not available with noninvasive methods, as well as invaluable information 
regarding intracranial circulation. Interestingly, during carotid angiogra- 
phy we have frequently noted an overestimation of the degree of stenosis 
by noninvasive imaging, and without angiography, these patients would 
probably have undergone CEA unnecessarily. 
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Unlike with coronary or iliac angioplasty, acute occlusion of the carotid 
artery after CAS may not be amenable to emergency surgical correction. 
Furthermore, if restenosis occurs after stenting, the standard surgical 
therapy may be either impossible or substantially more difficult to per- 
form than on a virgin vessel. This is not true for percutaneous inter- 
ventions in other vascular systems. In addition, while angioplasty for 
restenosis is usually relatively easy, more data is clearly needed to address 
this potential problem. 

Carotid endarterectomy when performed by an experienced vascular 
surgeon is relatively safe and inexpensive and usually requires only a brief 
hospitalization. It can also be performed with good results using regional 
or local anesthesia, even in patients considered to be at high risk for oth- 
er interventions. At a minimum, percutaneous CAS must approach CEA in 
safety and efficacy. Various prospective randomized trials are being pro- 
posed or are in progress in North America and Europe, and we believe 
they should in particular include those patients that were excluded from 
NASCET (Table 1.26). If CAS has similar results in this selected group of 
patients, then the only remaining question will be the long-term durabil- 
ity of the procedure. However, surgeons may be reluctant to enter “good” 
candidates into such a randomized trial, as they feel that the present stan- 
dard of care (i.e., CEA) has already proven itself. 

We believe that the present indications for CAS include symptomatic 
patients with severe carotid artery stenosis in whom CEA is considered 
difficult or anticipated to be associated with unacceptably high risk. These 
“difficult” patients have characteristics that are similar to the exclusion 
criteria of NASCET and ECST (Table 1.26). 

Stent technology is continually evolving and the stents currently avail- 
able will soon be replaced. Prospective studies should therefore also con- 
sider the inclusion of significant additional technological advances. 

The relative technical ease of performing carotid angioplasty and stent- 
ing (CAS) has attracted considerable attention in the clinical community. 
A randomized multicenter clinical trial is in progress in the United King- 
dom, sponsored by the Medical Research Council (CAVATAS 1996). In 
North America, the NIH has recently funded a randomized trial compar- 
ing CEA with CAS: the Carotid Revascularization Endarterectomy Versus 
Stenting Trial (CREST). This trial is designed with the same inclusion-ex- 
clusion criteria as NASCET, but with a registry for high-risk patients. 



1. 2.6.2 Techniques of Carotid Angioplasty and Stenting 

See Chap. 14, Sect. 14.16, this volume. 



1. 2.6.3 Intimal Hyperplasia and Restenosis 

Intimal hyperplasia remains a common long-term problem in all types of 
vascular interventions (Fig. 1.28). It is related to injury to the endotheli- 
um. It has been noted following arterial, as well as venous procedures, in 
anastomoses, bypass grafts and various types of endovascular interven- 
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Fig. 1.28. Intimal hyperplasia. 
Cross section of a carotid 
artery after significant intimal 
hyperplasia ingrown into the 
vessel lumen 



Table 1.30. Intimal hyperplasia following cervical carotid stenting 



Rubin 


5.3% 


Higashida 


5% 


Porta 


10% 


Motarjeme 


4% 


Rachel 


2% 



tions (Figs. 1.29, 1.30). According to the reported series, intimal hyperpla- 
sia following carotid stenting appears to be in the 5% range, comparable 
to CEA (Table 1.30). We have seen it occur in only one case, in which it re- 
sponded to balloon angioplasty (Figs. 1.29, 1.30). On occasion the devel- 
opment of a vasa-vasorum as collateralization may be seen, which will 
regress after distal flow is improved (Fig. 1.30). 

In endovascular interventions, the goal is to produce as little damage to 
the intima as possible in order to avoid a chain of reactions that can sub- 
sequently result in endothelium damage. 

Endothelium has an anionic surface charge that yields an antithrom- 
botic environment, associated with the constant release of endothelium- 
derived relaxing factor (EDRF), with its potent antiplatelet effect. Damage 
to the endothelium exposes the subendothelial matrix to circulating 
blood. Having now lost its antithrombotic protection, the subendothelial 
matrix will induce platelet aggregation, initiating the thrombotic cascade. 
Groves, when examining rabbit aortas (Groves et al. 1979), and Wilenzt et 
al., in an experimental angioplasty model (Wilenzt et al. 1987), demon- 
strated that platelets are rapidly deposited at sites of intimal injury. 
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Fig. 1.29 A-F. Intimal hyperplasia. A Lateral digital subtraction angiogram (DSA) of 
the common carotid artery shows a focal severe stenosis. B Following stenting with 
excellent angiographic and clinical result. C Six months of follow-up after ultra- 
sonography suggests stenosis at the distal end of the stent and is confirmed with this 
DSA (arrow). Note the stenosis of the external carotid artery not present prior to 
stenting. D After balloon angioplasty there is improvement in the caliber. E Before 
and F after balloon angioplasty of the intimal hyperplasia, note the improvement in 
filling of the ipsilateral anterior cerebral artery 
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Fig. 1.30. Lateral angiogram of the common carotid artery in a patient who had a 
previous endarterectomy with restenosis (A) at both sites of surgical anastomosis 
(arrows), which was successfully treated with two separated stents (B), with a good 
anatomical and clinical result (C). D Six months later there was recurrent restenosis 
at the distal surgical anastomosis within the stent. Note the development of vasa va- 
sorum in an attempt to collateralize flow (previously present prior to stenting seen in 
A). E Angiographic examination after balloon angioplasty. Note the reestablishment 
of flow and the disappearance or regression of the vasa vasorum 
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This progressive event will be completed within the subsequent 10 min. 
The more severe the intimal damage was, the more thrombosis occurred. 

An additional downside of endothelium injury may be related to the 
degree of inflammation occurring after angioplasty. The interaction be- 
tween the injured vessel wall and circulating blood components (the dam- 
aged endothelium, activated platelets, and neutrophils at the site of in- 
jury) generates reactive intermediary agents, as reported by Block (1994). 
Intimal injury will also affect the inhibiting role played by the endothe- 
lium on smooth-muscle cell migration and/or proliferation, resulting in 
intimal hyperplasia and late restenosis (Davies and Hagen 1994). Fuster 
and co-workers (1992) studied the role of vascular injury and smooth- 
muscle proliferation. Because of similarities in their pathology, intimal 
hyperplasia and spontaneous atherosclerosis are considered within the 
same spectrum of vascular diseases, the so-called accelerated atheroscle- 
rosis (Ip et al. 1990). 

The EPIC study report on monoclonal antibody directed against the 
platelet glycoprotein Ilb/IIIa receptors showed that decreasing vessel in- 
jury and decreasing platelet aggregation also decrease late restenosis. It is 
therefore likely that gradual balloon inflation results in fewer intimal 
tears, flaps, and dissections, as experienced by Connors (1999). If the di- 
latation is more traumatic, it likely has a higher degree of damage to the 
endothelium, with all its potential consequences. 

Intense research is being conducted with respect to restenosis reduc- 
tion. Local radiotherapy is being considered as promising (Koh 1996; 
Carter and Laird 1996; Fischell et al. 1996). We believe, however, that radi- 
ation may not be the right approach. Radiation is a factor that accelerates 
atherosclerosis. The endothelium is the most radiosensitive layer in the 
blood vessel wall, and therefore the one most likely to be damaged by ra- 
diation, resulting in restenosis. The stenosis may occur at the site of radi- 
ation or in the margins of the radiation field, where the radiation dose is 
not strong enough to damage the smooth muscle but will result in dam- 
age of the intima. 

Additional efforts are being directed towards drug treatment against 
the proliferative phase of the cell cycle, with antineoplastic drugs used 
systemically, by coating stents with the eluding drug over time, or by pre- 
medicating the patients prior to stenting. We believe these approaches 
provide a more physiological approach to the problem (Grube et al. 2001; 
Dorros 1998b; Hiatt et al. 2002; Sousa et al. 2001). 

Within the potential medications, probucol, a lipophilic-property drug 
that lowers cholesterol and has potent antioxidant properties, has been 
shown to have a beneficial effect in decreasing restenosis following coro- 
nary angioplasty. When compared with placebo, antioxidant multivita- 
mins, or probucol and multivitamins, probucol versus no probucol pro- 
vided significant results (p= 0.003) (Tardif et al. 1997). It is possible that 
endothelial dysfunction affects the LDL metabolism and results in accel- 
erated atherosclerosis and restenosis. 
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1. 2.6.4 Follow-up Monitoring 

Ultrasound is a good test for noninvasive follow-up. A baseline study is 
obtained shortly after the CAS, then repeated at 6 months, which appears 
to be the critical period for significant intimal hyperplasia restenosis 
(Roubin et al. 1996; Horowitz and Purdy 2000). Thereafter, we restudy the 
patients on a yearly basis with ultrasound (Bettmann et al. 1998). 



1.2.7 Posterior Circulation Stroke (Stroke Prevention) 

1. 2.7.1 Introduction 

One of the most difficult and challenging areas in the stroke field is the 
approach to patients with occlusive vascular disease of the posterior cir- 
culation. Such patients may present with rapidly evolving clinical symp- 
toms with devastating consequences. While the approaches to diagnosis 
and treatment of carotid disease are widely appreciated, the treatment of 
vertebrobasilar disease has been limited in terms of therapeutic options. 
Recent advances have made it possible to accurately diagnose and effec- 
tively treat many more patients with posterior circulation occlusive vas- 
cular disease. 



1. 2.7.2 Clinical Presentation 

The symptoms and clinical characteristics of posterior circulation is- 
chemia have been recognized for over 50 years (Denny-Brown 1966). 
These include vertigo, ataxia, diplopia, bilateral weakness, and bilateral vi- 
sual blurring. Glass has published an extensive review on this subject 
(Glass et al. 2002). In 1946, Kubik and Adams (reviewed in Glass et al. 
2002) published an analysis of 18 patients with basilar artery occlusion 
that were studied clinically and at autopsy. They emphasized the clinical 
picture and suggested that this disorder could be diagnosed during life. 
This report brought the subject of basilar artery occlusion to the attention 
of the neurological community. During the next few years, others (Denny- 
Brown 1966) described similar patients who survived and suggested that 
symptoms were due to hemodynamic factors, leading to the use of the 
term “vertebrobasilar insufficiency.” In many of these cases, this mecha- 
nism could not be established, as angiography was the only diagnostic 
technique to demonstrate these vessels and selective catheterization was 
not widely available. With advances in imaging and other diagnostic 
modalities, we now appreciate that ischemia in the posterior circulation is 
not a homogenous entity with a single mechanism. It is caused by the 
same factors that lead to stroke in the carotid territory (Table 1.7). These 
include cardioembolism, artery-to-artery emboli, small artery disease, 
thrombotic disorders, and large vessel occlusive disease. Strokes that 
occur as a result of progressive intracranial vertebrobasilar artery (VBA) 
occlusive disease can be devastating. Vertebrobasilar ischemic stroke ac- 
counts for approximately 20% of all ischemic strokes (Turney et al. 1984). 
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Almost half of the patients who present with posterior circulation TIAs 
have a stroke within 5 years (Whisnant et al. 1978; Glass et al. 2002). Pa- 
tients identified with a stenosis of greater than 50% in the vertebrobasilar 
arterial system have a risk of stroke 17 times greater than the general 
(matched) population (Moufarrij et al. 1986; Bougousslavsky et al. 1986; 
Glass et al. 2002). 

1. 2.7.3 Pretherapeutic Evaluation in Cerebral Vascular Insufficiency 
Coagulation Profile 

In addition to routine laboratory and preliminary testing, a full coagula- 
tion profile is recommended on patients presenting with a stroke, and 
particularly those involving the posterior circulation. 

Transesophageal Echocardiography 

Transesophageal echocardiography (TE) makes it possible to detect 
sources of cardiogenic embolism in many more patients in whom stan- 
dard transthoracic echocardiography does not. This technique uses an ul- 
trasound transducer that is endoscopically positioned in the esophagus to 
provide clear and detailed images of the heart and aortic arch. It can re- 
veal causes of stroke such as aortic arch atheroma, left atrial thrombi, and 
atrial septal defects, as well as other less common conditions. This tech- 
nique has greatly reduced the number of strokes that were previously la- 
beled cryptogenic. 

At present, noninvasive diagnostic imaging has reached a high degree 
of accuracy, and in the majority of patients the diagnosis is derived from 
these work-ups. 

Transcranial Doppler 

Transcranial Doppler is an ultrasound technique also used to diagnose 
occlusive disease of the posterior circulation. A transducer is placed on 
the back of the neck to image through the foramen magnum. It is thus 
possible to detect stenosis of the intracranial vertebral arteries and of the 
proximal basilar artery. Retrograde flow can be detected and the patency 
of the posterior cerebral arteries can be demonstrated. The limitations of 
this technique include difficulty in examining the distal basilar artery and 
artifacts due to vessel tortuosity, which may make results unreliable. It is 
also a highly operator-dependent technique and takes significant experi- 
ence to master. Some patients with large necks may be difficult to study. 

Computer Tomographic Angiography 

Computer tomographic angiography (CTA) is a very useful tool that has 
only recently come into more widespread use. It has been made possible 
by the speed of the newest generation of (helical) CT scanners (Figs. 1.20, 
1.21). A bolus of intravenous contrast material is given over approximate- 
ly 20 s and rapid scanning allows opacified vessels to be imaged. Comput- 
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erized reconstruction of axial sections provides angiographic images. 
CTA is capable of demonstrating the intracranial vertebral arteries and 
basilar system, including the posterior cerebral arteries, and has been 
shown to be useful in diagnosing basilar artery thrombosis. This tool is 
advantageous in that it is fast and can be used in patients who have pace- 
makers or are intubated. It cannot be used in patients with renal failure or 
allergies to iodinated contrast agents. Currently, CTA is only capable of 
demonstrating relatively short segments of the circulation, but this is rapid- 
ly improving. Its primary limitations are artifacts caused by dental or other 
metallic prostheses, calcifications, and imaging lesions at the skull base. 

Magnetic Resonance Angiography 

Until MRI scans arrived in the 1980s, adequate views of the brainstem and 
cerebellum were not obtainable. Magnetic resonance angiography (MRA) 
added the ability to visualize the intracranial and extracranial vascula- 
ture. This examination has the advantage of being noninvasive, easily re- 
peatable, and capable of demonstrating a relatively large area. MRI and 
MRA can delineate the entire length of the vertebral artery and provide 
views of vessels surrounded by bone such as at the skull base (Fig. 1.31). 
MRI with contrast is able to image the aortic arch and great vessels with 
remarkable accuracy (Figs. 1.22, 1.23). The cross-sectional source images 
can visualize the lumen, vessel wall, and surrounding structures, and 
probably are best for dissections (Fig. 1.9). Diffusion-weighted imaging 
(DWI) MRI has contributed important information in patients suspected 
of having a CVA. Since DWI imaging is positive up to 2 weeks after an 
event, it is a particularly important diagnostic modality for patients with 
previous CVAs, when determining if a specific lesion correlates with the 
symptomatic territory, or if there are DW defects of different ages, newer 
events, as well as when determining the possible benefits of therapy 
(Fig. 1.31). MRA has limitations including the inability to image low flow 
states and the tendency to overestimate the grade of stenosis, particular- 
ly at the skull base. It is not able to directly image vessels with retrograde 
flow. Some imaging artifacts remain problematic, including those caused 
by swallowing or dental prostheses. MRA also cannot be performed in pa- 
tients with a pacemaker or other MRI incompatible implants (certain 
aneurysm clips, etc.). The study of the intracranial vasculature remains 
limited, but with continued technical advancements, this will improve. 
Functional imaging will further advance the biological understanding of 
patients suffering from ischemic vascular disease. 

Cerebral Angiography 

Cerebral angiography is reserved for specific questions, where the diag- 
nosis is difficult or impossible to make with the less invasive studies, 
which is more and more the exception. However, due to the new and more 
widespread use of endovascular revascularization, angiography is present- 
ly done primarily with the intent to treat. 

When the symptoms are suggestive of cerebral vascular insufficiency, 
we include an aortic arch study that supplements the preliminary diag- 
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Fig. 1.31A-D. MRI in posterior 
circulation stroke. A T2 -weight- 
ed axial MRI shows the in- 
creased signal in the midbrain. 
B Diffusion-weighted image 
(DWI) is more accurate in de- 
termining the event as well as 
the age of the stroke. Within 
the first 2 weeks of the event, 
the DWI will be positive. 

C, D Time-of-flight magnetic 
resonance angiograms showing 
the gap between the distal two 
vertebral arteries and the prox- 
imal basilar artery compatible 
with the level of the stroke 




nostic imaging. One of the present authors also includes views of the neck 
and a global picture of cerebral perfusion. These injections are also used 
to compare the filling of the neck vessels and the circulation between both 
hemispheres (Figs. 1.2-I.4). 

Road mapping of the arch may be used to grossly assess the status and 
origin of the brachiocephalic vessels prior to passing a guidewire or 
catheter. We prefer, however, a true study of the arch in at least two pro- 
jections (Fig. 1.2). 

Based on the preliminary diagnostic imaging and the angiogram, a de- 
cision is made as to the need for more selective studies to answer specific 
questions and/or if a therapeutic procedure is indicated. The goal of 
revascularization in patients with insufficiency is to do the minimum nec- 
essary to open the most accessible route that will improve distal perfusion 
or relieve a flow-restrictive, tight stenosis. 

It is important to realize that cerebral vascular insufficiency may be due 
to inadequate blood flow related to lesions at a distance from the sympto- 
matic region, anywhere from the aortic arch upwards (excluding a cardiac 
source). Finding the source requires the proper assessment of the collat- 
eral circulation at the level of the neck as well as at the circle of Willis and 
leptomeningeal collaterals (Fig. 1.32). 
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Fig. 1.32A-L. An 82-year-old female patient after axillary-axillary bypass who pre- 
sented with ischemic symptoms referable to the posterior circulation and left cere- 
bral hemisphere. A Aortic arch study demonstrates the proximal anastomosis from 
the right axillary artery towards the left axillary artery ( open arrow). Note the ab- 
sence of opacification of the left subclavian artery. B-D Views from a right subcla- 
vian artery injection demonstrates antegrade flow on the right vertebral artery to- 
wards the brain (arrow, D). The axillary bypass anastomoses the right subclavian (B) 
to the left subclavian artery (C). Note retrograde filling of the left subclavian towards 
the vertebral artery ( open curved arrow, C). There is no opacification of the left ver- 
tebral artery. In D, frontal view of the right subclavian artery injection centering to 
the neck and head demonstrates filling of both posterior cerebral arteries. There is 
no left subclavian “steal”, or filling of the left vertebral artery. E Parenchymatography 
of the aortic arch study demonstrates decreased opacification in the left parietal re- 
gion. The right carotid artery has emptied and is in the capillary phase. There is de- 
layed emptying of the left internal carotid artery and slow flow in the right vertebral 
artery. F Frontal and G lateral views of the right common carotid artery demonstrate 
in the frontal view filling of both posterior cerebral arteries from this injection. 
E-L see pp. 103, 104 
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Fig. 1.32 ( continued ). G Note the presence of a trigeminal artery. H Late arterial phase 
and I late phase of the left common carotid artery, lateral view, shows prominent Cl 
and C2 collateral circulation, which then fills the vertebral artery on the left with a 
downwards flow towards the left subclavian artery (arrow). J Frontal view of the same 
injection shows downwards filling of the left vertebral artery (arrow). There is a tight 
stenosis in the petrous carotid artery (arrow, H). Lateral projection. K, L see p. 104 
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Fig. 1.32 ( continued ). K Before and L after stenting, with marked improvement in the 
lumen of the petrous carotid artery. Note the hemodynamic immediate filling of the 
posterior communicating and posterior cerebral artery from the left carotid artery 
improving perfusion to the left posterior hemisphere. (Same patient as Fig. 14.160) 



1. 2.7.4 Management of Posterior Circulation Insufficiency 

The natural history of these patients remains poor (Hacke et al. 1988; 
Brandt et al. 1996; Archer and Horenstein 1977; Patterson and Grabois 
1986). The present treatment of such patients depends on the underlying 
condition producing the symptoms. Frequently, the ability to improve the 
circulation is limited by our ability to repermeate the brachiocephalic ves- 
sels. Posterior circulation insufficiency may or may not be associated with 
embolic or perfusion strokes. If repetitive or prolonged, this will nearly 
always result in an adverse outcome. 

Until recently, the only therapy for patients with large vessel occlusive 
disease of the posterior circulation was general supportive therapy for 
those who suffered an acute stroke. In particular, this included maintain- 
ing blood pressure, protecting the airways, achieving adequate oxygena- 
tion, and avoiding dehydration and hyperglycemia, treating seizures, and 
reducing temperature. The decision to use anticoagulants and/or an- 
tiplatelets or thrombolytics depends upon the diagnostic imaging find- 
ings (presence of hemorrhage, large area of infarction, etc.) (Brandt et al. 
1995). Although anticoagulation continues to be in widespread use, it has 
never been demonstrated to be effective in any controlled trial. Patients 
with small vessel disease are generally treated with antiplatelet agents. In 
long-term management, stroke prevention is important, with long-term 
anticholesterol medication, diet, and behavioral modification. In many of 
these patients, long-term anticoagulants with or without antiplatelet 
medication will be required. 
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Revascularization 

There is a subgroup of patients with persistent hemodynamic symptoms 
that do not respond to medical therapy. These patients may have repeated 
ischemic events that can usually be documented. With DWI MRI, some 
may be asymptomatic but will experience repeated and added insults that 
will eventually have poor prognosis. To improve perfusion, treatment has 
been limited to revascularization using microsurgical techniques such as 
bypass and/or endarterectomy (Ausman et al. 1982; Edwards and Mul- 
herin 1980; Spetzler 1987a, b; Anson and Spetzler 1993). These treatments, 
however, are still restricted by their morbidity, limited access, and the re- 
quired expertise needed to carry them out successfully. In addition, often 
these interventions are limited or not feasible due to the multiplicity of 
site involvement and complexity of the compensatory vascular circula- 
tion. New endovascular revascularization techniques can reach vessels at 
the base of the skull and have now made it possible to consider revascu- 
larization for selected patients. In appropriate cases, successful proce- 
dures can be performed with an acceptable level of risk. This technology 
is also undergoing rapid and continuing improvement. Even totally oc- 
cluded vessels can be reopened, and this may be done in cases of hemo- 
dynamic steal such as a totally occluded subclavian artery in a patient 
with symptoms of subclavian steal syndrome (Fig. 14.164). 

Revascularization for posterior circulation hypoperfusion requires 
planning a treatment that can improve distal flow from the origin of the 
brachiocephalic vessels to the basilar and carotid arterial systems. Careful 
analysis of the clinical vascular anatomy (i.e., collateral circulation in the 
neck and head, extracranial to intracranial anastomosis, and intracranial 
collateralization) will allow the endovascular surgeon to plan the specific 
procedure(s) with the best potential to improve distal perfusion, with the 
least possible number of interventions and morbidity. Creative revascu- 
larization strategies that combine endovascular revascularization and by- 
pass procedures should be considered. 

Endovascular revascularization in these patients will require the full 
spectrum of balloons and stents that are appropriate for lesions in both 
large- or small-caliber vessels located anywhere from the aortic arch to 
the very distal, small intracranial vessel. Accurate deployment is of utmost 
importance in these territories. At the aortic arch, the stent should not 
protrude into the arch, and at the same time, it must be of sufficient di- 
ameter so that there is satisfactory apposition with the vessel lumen to 
prevent distal migration (Fig. 1.3, same patient as Fig. 14.150). Constant 
movement in the chest due to cardiac and respiratory motion makes ac- 
curate placement more difficult. Since road mapping is of limited value in 
the arch, calcifications in the aorta often serve as the best landmark for 
accurate measurement and deployment. Similarly, in the origin of the ver- 
tebral artery (Fig. 14.150, or CCA origin, Fig. 14.159). Road mapping and 
bony landmarks are best for accurate deployment in the neck, at the skull 
base, or intracranially. 

Occasionally, vascular access may have to be through atypical routes, 
particularly with total vascular occlusion. For example, an occluded sub- 
clavian artery may be approached from the femoral route, or from the 
brachial or radial root, or both (Fig. 14.150). During dilatation, caution 
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must be taken to avoid crushing the frequently encountered significant 
calcification at the origin of the brachiocephalic vessels, which may result 
in distal emboli or, if dilating at a vessel bifurcation, protrusion of plaque 
into a noninvolved branch. The use of guidewires is crucial to maintain 
vessel access and safety; one guidewire is placed across the lesion to 
be treated and a second wire is placed in the vessel to be protected 
(Fig. 14.150). If any compromise occurs in the noninvolved vessel, the 
guidewire is used to maintain the true lumen, which will make it possible, 
if necessary to repermeate that vessel. Alternatively, a balloon could be left 
inflated in the normal vessel while deploying a stent or while dilating at 
the level of the lesion. 

Total occlusions can sometimes be safely recanalized. At the brachio- 
cephalic level, the subclavian origin is frequently occluded and can be re- 
opened with relative ease and safety. The main risk is vertebral artery em- 
bolization or dissection. To avoid complications, the guidewire is gently 
used as a probe, searching for the true lumen. A first attempt is usually 
made with a soft-tipped wire that has sufficient proximal pushability, or a 
soft 0.035-in. Terumo (Target Boston Scientific, Watertown, MA, USA) 
wire (Fig. 14.164). A variety of cardiac microguidewires or alternatively a 
neuromicroguidewire with a platinum distal end and hydrophilic coating, 
in conjunction with a neuromicrocatheter, can be used to find the true lu- 
men (Figs. 14.149, 1.331). 

This technique for revascularization of total occlusions may also be 
used in more distal circulations such as in the distal vertebral or basilar 
artery, using low-profile flexible balloon-expandable stents, such as the 
GFX, S60, velocity, etc. (Fig. 1.33). The occluded lumen, even when long 
standing, tends to be softer than the vessel wall, and therefore gentle prob- 
ing will usually identify the lumen. Forceful maneuvers should generally 
be avoided. Once the guidewire has been passed into the patent segment, 
depending on the length of the restrictive lesion and its relationship with 
the vertebral artery origin, it is exchanged for a stiffer guidewire. If an 
over-the-wire neuromicrocatheter technique is used, then the micro- 
catheter is first passed across the lesion and is used for microguidewire 
exchange. If necessary, both guidewire techniques can be utilized as de- 
scribed above, with one wire protecting the vertebral artery. 

To deliver the stent, a larger bore catheter is needed. To facilitate the 
catheter exchange, one may use one of the long, stiff exchange cardiac 
wires for support, or if necessary, a larger wire can be exchanged by re- 
peating the wire-catheter maneuver with a 5F system and a 0.038-in. hy- 
drophilic or stiffer guidewire. For best and more accurate stent delivery, 
the delivery catheter or sheath is passed across the stenosis to begin the 
stent delivery (Fig. 14.150). 

If a dissection occurs, as long as the dissection and its extent are recog- 
nized, and the guidewire has remained in place, then it can easily be cor- 
rected with an additional stent deployment (Fig. 14.150). Angioplasties on 
dissections should probably be avoided. If the dissection is a spiral type 
and if the entrance of the dissection is apposed against the vessel wall 
by a stent or the catheter itself, most often the dissection will close 
(Fig. 14.165), or once the true distal lumen is found, a stent will solve the 
problem (Figs 1.13, 14.149). 
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Fig. 1.33A-L. Total occlusion of both vertebral arteries. A Frontal and B lateral digi- 
tal subtraction angiogram (DSA) of the right vertebral artery injection shows total 
occlusion of the vertebral artery on the right. Note the prominence of the anterior 
spinal axis ( small arrows) as it enters the contralateral (left) vertebral artery at the 
point where the posterior inferior cerebellar artery (PICA) is ( curved arrow; see 
Vol. 1 , Sect. 2.4, p. 1 16 and Fig. 3.70). C Frontal and D lateral views of the left vertebral 
artery shows the occlusion of the left distal vertebral artery. The anterior spinal ar- 
tery is again opacified through the artery of the cervical enlargement from the left 
side. E-L see pp. 108, 109 
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Fig. 1.33 ( continued ). E Lateral mid-arterial phase. F Late arterial phase of the right 
common carotid artery. Note the absence of a posterior communicating artery. The 
upper basilar segment and superior cerebellar arteries are filled in the late phase in 
F through anastomosis between the anterior choroidal and the posterior cerebral ar- 
tery. This represents an inefficient collateral circulation. G Cone-down view of the 
right common carotid artery showing the meningeal reconstitution, probably 
through the ascending pharyngeal of the territory of the right PICA ( curved arrow). 
H Left external carotid injections show the stylomastoid reconstitution of a mid- 
basilar segment (arrow). I-L see p. 109 
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Fig. 1.33 ( continued ). I Cone-down view of the superselective catheterization of the 
left vertebral artery (LTVA) beyond the totally occluded segment. Utilizing neuromi- 
crocatheter- microguidewire techniques of recanalization, the occluded segment is 
probed until the lumen distal to the occlusion is found. As expected, note the left 
PICA ( curved arrow) as the microcatheter has crossed beyond the occlusion. Prior to 
contrast material injection, back flow is established. J Cone-down view of the 
guidewire with the deployed stent in the thrombosed segment. K Frontal and L later- 
al DSA of the LTVA after revascularization of the totally occluded segment 
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1. 2.7.5 Basilar Thrombosis 

Basilar artery occlusion remains a significant therapeutic challenge with 
very poor outcome. In multiple series, untreated basilar thrombosis had 
a severe morbidity and mortality, as high as 86%-100% (Hacke et al. 
1988; Brandt et al. 1996; Archer and Horenstein 1977; Patterson and 
Grabois 1986). 

Atherosclerosis is the underlying cause of 70% of cases of basilar 
thrombosis and thromboembolism is the etiology for approximately 10% 
of cases (Thomas 1997). The clinical presentation of patients with basilar 
artery thrombosis will depend on its anatomical location and its length. 
The collateral circulation at the circle of Willis, the leptomeningeal collat- 
erals, and the collateral circulation between the posterior inferior cere- 
bellar artery (PICA) and the anterior superior cerebellar artery (ASCA) 
(Vol. 1, Chap. 3, Fig. 3.70) may become an important bypass to a complete 
occlusion. The impact of a basilar thrombosis is therefore highly depend- 
ent on the quality of the collateral circulation. An older patient with ath- 
erosclerosis and progressive symptoms is more likely to develop efficient 
collaterals than a younger patient with sudden occlusion of the basilar 
artery from a cardiogenic embolus. Poor prognosis is also expected in pa- 
tients with a falling level of conscious or with tetraparesis and in patients 
with large infarcts. 

It is important to realize that many of these patients have had previous 
CVAs in different territories, and therefore the clinical picture and diag- 
nostic imaging may not be as reliable as in patients during their first 
episode. 

Local intra-arterial thrombolytic therapy (LIAT) improves the recanal- 
ization rate, giving those with successful recanalization a more favorable 
outcome and a significantly reduced mortality rate (Fig. 1.34). Brandt re- 
ported on 20 patients with basilar thrombosis: 60% had a good recovery 
on the Rankin scale, 20% had moderate long-term disability, and 20% did 
poorly (Brandt et al. 1995). 

Five of Gonner’s eight patients (63%) with occlusions in the basilar cir- 
culation could be recanalized and had a good outcome (Gonner et al. 
1998). However, two patients who were comatose at admission died de- 
spite successful recanalization, suggesting that generally LIAT should be 
attempted only in noncomatose patients with BA occlusion (Zeumer et al. 
1993; Hacke et al. 1988; Brandt et al. 1996). In Hacke’s series, patients who 
were in coma for more than 4 h or those with cerebellar or brain stem lu- 
cencies on CT scan were excluded from the study, which probably ac- 
counts for the high survival rate of 73% in that series (Hacke et al. 1988). 
In 1999, Levy and co-workers (1999) conducted a meta-analysis in 164 pa- 
tients composed of 154 cases from the literature and ten from their own 
experience. The data available limited the study to three independent 
variables: (a) presenting neurological condition, (b) clot location in the 
basilar artery, and (c) the degree of recanalization. Despite the limitations 
of retrospective literature reviews, it confirmed, as expected, that patients 
in coma at presentation had a significantly worse outcome, even if total re- 
canalization was achieved. Location of the clot in the upper one-third of 
the basilar artery was associated with worse clinical outcome with LIAT 
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Fig. 1.34A, B. Acute basilar occlusion secondary to a distal emboli. A Lateral sub- 
traction angiogram in the acute phase demonstrates occlusion of the mid basilar 
artery ( arrowhead ). B Lateral digital subtraction angiogram after 1,000,000 units of 
urokinase (UK) with total revascularization. The patient made a full recovery 

as compared to a more proximal occlusion. Those with complete recanal- 
ization have a twofold better outcome than those with only partial re- 
canalization. 

With respect to the time window of LIAT in aeute basilar thrombosis, 
several observations have been made. While in theory the same implica- 
tions and restrictions apply as to the treatment of acute occlusions in- 
volving the anterior circulation (MCA), in reality the treatment window is 
often prolonged beyond the usual 6-h limit. 

One reason that LIAT can be carried out beyond this time window is 
that the exact onset of symptoms at the posterior fossa level is often less 
well known. Symptoms may progress in a stuttering fashion, rather than 
abruptly, as in MCA distribution. As the clinical symptoms and signs 
progress further and become well established, the outcome without inter- 
vention is nearly universally poor or fatal. This has provided the rationale 
for LIAT beyond the 6-h window. In our experience, we were able to per- 
form LIAT up to 12 h after onset of symptoms with favorable clinical out- 
come. However, it should be clearly understood that the chances of hem- 
orrhagic conversion will become progressively worse with time. In the in- 
stances in which we were able to achieve recanalization even after 18 h, the 
clinical outcome invariably was poor, with a high incidence of hemor- 
rhagic conversion (Fig. 1.35). We believe that at least a partial explanation 
of the hemorrhagic conversions maybe necrosis involving the endothelial 
cells, loss of autoregulation, and malfunction of the tight junctions in the 
ischemic tissue. The use of thrombolytics in such an environment is prob- 
ably a bad combination, and we believe that occlusions beyond a certain 
time should be treated with mechanical revascularization in an attempt to 
avoid thrombolytics (Fig. 1.36). We have used DWI and PWI MRI to guide 
us in these difficult circumstances, and if there was clear evidence on DWI 
of ischemic changes involving the brain stem and/or large areas of the 
cerebellum LIAT was withheld. Ethical issues and input from the patient’s 
family become relevant in the decision-making process, since the patient’s 
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Fig. 1.35A-C. Recanalization of basilar artery occlusion. Acute event had occurred 
18 h previously. A Frontal view of the right vertebral artery demonstrates the proxi- 
mal basilar occlusion (arrow); note irregularities in the left vertebral artery ( small 
arrows). B Lateral digital subtraction angiogram of the right vertebral artery after 
thrombolytic therapy with 1,000,000 units of UK with excellent recanalization of the 
basilar artery. C Three hours later there was a hemorrhagic conversion 



quality of life can be significantly impacted by our ability to preserve life 
through revascularization, but possibly in a locked-in state. Good clinical 
judgment will therefore be more important than being able to create an 
excellent postrevascularization angiogram. 

In cases of hemodynamic insufficiency, where the symptoms are posi- 
tional and/or progressive, the lesion may be a stenosis and not thrombi. In 
such instances, balloon angioplasties with a less than perfect result may 
be enough to improve or resolve the symptoms (Fig. 14.38). As experience 
is gained in stenting techniques, and stents for the basilar artery become 
available, stenting may replace balloon angioplasty, as it has in most oth- 
er circulations (Fig. 1.33). 
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Fig. 1.36A-L. Acute total basilar occlusion. The patient presented approximately 12 h 
after an acute event of basilar occlusion. A Frontal digital subtraction angiogram of 
the left vertebral artery shows a total occlusion of the proximal basilar artery ( curved 
arrow). B Lateral view of mid-arterial phase shows the basilar occlusion. Note the 
cerebellar arcade from the posterior inferior cerebellar to the superior cerebellar ar- 
tery ( black curved arrow), suggesting that a stenotic lesion or restriction of flow had 
been there for some time prior to the acute event. There is partial (inefficient) revas- 
cularization of the basilar artery above the occlusion, through a collateral channel 
paralleling the course of the basilar artery ( open curved arrow). C Frontal and D later- 
al views of the mechanical recanalization of the totally occluded segment. E-L see p. 1 14 
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Fig. 1.36 ( continued ). E Frontal and F lateral views after mechanical recanalization 
with a good angiographic response. G-I CT scans at the time of acute stroke and pri- 
or to the mechanical revascularization demonstrate some lucencies within the cere- 
bellar hemisphere on the left side and probably some changes in the brainstem. 
J-L CT scan 4 days after the revascularization. Note the bilateral areas of infarction 
in the cerebellum, as well as in the brainstem. There is a hemorrhagic conversion in 
the left occipital territory. The patient was kept on anticoagulants with heparin and 
antiplatelet medication. This probably represents a later complication at a distal em- 
bolic territory of the left posterior cerebral artery (PCLA) 
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1. 2.7.6 Takayasu's Arteritis 

Takayasu’s arteritis is a chronic giant cell inflammation of the arterial wall 
of unknown cause. Associated conditions include rheumatic fever, strep- 
tococcal infections, tuberculosis, rheumatoid arthritis, and other collagen 
vascular diseases. There is evidence of an autoimmune process (Eichhorn 
et al. 1996). Takayasu’s arteritis involves elastic arteries and predominant- 
ly involves large vessels such as the aorta and its branches (Matsunaga et 
al. 1997). The disease affects Asian populations and people from South 
America. There is a 96% preponderance of females over males in Asians, 
whereas more than 30% are males in India (Moriwaki et al. 1997). Inter- 
estingly, Japanese patients tend to present more often with symptoms 
referable to the aortic arch, including cerebral insufficiency and decreased 
or absent pulses in the upper extremities, often associated with pain. In 
Indians, the presenting symptoms tend to be related to involvement of the 
abdominal aorta, and result in renovascular hypertension and its compli- 
cations. In India, China, Korea, Japan, and other Southeast Asian coun- 
tries, Takayasu’s arteritis is the most common cause of renovascular hy- 
pertension (Moriwaki et al. 1997). 

Takayasu’s arteritis is a disease that presents as a nonspecific syndrome 
of anorexia, weight loss, malaise, myalgias, etc., in young, mainly female 
patients (Ishikawa 1988). 

The symptoms begin in childhood in one-third of patients. The average 
age of ischemic symptoms is 22 years. In the chronic stage, symptoms in- 
clude coronary insufficiency, aortic regurgitation, hypertension, upper or 
lower extremity ischemia, and pain. In up to 50% of patients, there will be 
neurological symptoms, secondary to hypoperfusion or emboli, which 
may result in devastating stroke and are suggestive of a poor prognosis 
(Eichhorn et al. 1996). 

Erythrocyte sedimentation rates, total serum protein levels, and serum 
albumin are usually elevated but do not correlate with the severity of the 
disease (Moriwaki et al. 1997; Ishikawa 1988). 

The pathological features of the acute phase include mononuclear and 
giant cell infiltration of the adventitia and media, followed by intimal pro- 
liferation with fibrosis of the intima and adventitia. This leads to progres- 
sive stenosis and vessel occlusion. Less frequently, the involvement of the 
wall may lead to arterial ectasia and aneurysm formation (Moriwaki et al. 
1997).The active phases of inflammation and stenosis may involve multi- 
ple arteries simultaneously. Even during inactive phases, biopsies of the 
arterial wall demonstrate inflammatory infiltration (Kerr et al. 1994). 

Ishikawa noted an interesting pattern regarding the progression of the 
stenotic lesions: first, the left subclavian artery becomes involved, then the 
left CCA, and then the right subclavian artery. The left-sided brachio- 
cephalic arteries are more severely affected than those on the right. In the 
left subclavian artery, most lesions are proximal to the vertebral artery, 
whereas in the right subclavian artery, 70% of the lesions are distal to the 
right vertebral artery origin. The common carotid arteries are involved in 
over 30% of cases (Eichhorn et al. 1996). 

The frequency of orthostatic syncope and postural hypotension may 
reflect malfunction of the carotid sinus reflex, which has been reported to 
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be abnormal in Takayasu’s arteritis (Takano et al. 1993). Bihemispheric 
hypoperfusion, vertebrobasilar insufficiency, or a combination of factors 
may all be responsible for symptoms, and differentiating the various eti- 
ologies is important in planning management. 

Natural History 

The natural history of Takayasu’s arteritis is variable. In approximately 
20% of cases, the disease may run a self-limiting course, with a single 
acute phase and spontaneous resolution. Alternatively, the disease will 
progress and carries significant morbidity; no accurate figures exist. Pre- 
sentation at an early age has a poorer prognosis and is associated with all 
the morbidity resulting from the various hypoperfusion syndromes, mak- 
ing Takayasu’s arteritis a severe condition: mortality is not negligible 
(Kerr et al. 1994). The causes of death include congestive cardiac failure, 
coronary ischemia, sudden cardiac death, stroke, aneurysm rupture, and 
the complications of hypertension. 

Treatment 

There is no specific treatment for Takayasu’s arteritis. High-dose corti- 
costeroids alone or in combination with immunosuppressive agents can 
be helpful in some cases, but relapses are frequent. Surgical techniques of 
revascularization and endovascular revascularization or a combination of 
revascularization techniques have only limited palliative effect (Stoodley 
et al. 2000). Since the disease is progressive, with inflammatory involve- 
ment of the arterial wall, procedures that mechanically interfere with the 
vessel wall may not resolve the problem. It may be of some value to utilize 
a combination of therapeutic strategies such as aggressive medical anti- 
inflammatory, immunosuppressive regimes, and revascularization proce- 
dures using newer stents. The recent introduction of stents that are able to 
deliver chemotherapeutic agents, to avoid intimal hyperplasia, may be of 
benefit to stop or slow down the inflammatory behavior in this condition. 
The revascularization should aim for less than optimal angiographic re- 
sults, to decrease added insult to the arterial wall. Bypasses appear to be 
of some benefit, if placed in noninvolved arteries (EC/IC); however, aor- 
tobrachiocephalic procedures in this population should be avoided 
(Stoodley et al. 2000). It may be best to treat with revascularization at the 
brachiocephalic origins with endovascular techniques along with long- 
term use of combination antiplatelets and anticoagulants. 



1.2.8 Cerebral Angioplasty 

Cerebral angioplasty may be employed to mechanically dilate cerebral 
vessels narrowed by the vasospasm that follows subarachnoid hemor- 
rhage or by stenotic lesions secondary to atherosclerosis, fibromuscular 
dysplasia, or other vascular pathology. Stenosis may also be iatrogenically 
induced, such as narrowing after aneurysm clipping (Figs. 1.37, 3.21, ICA 
clip, Vol. 5), or after endovascular devices including balloons (Figs. 1.38, 
3.9, angioplasty balloon, Vol. 5). 
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Fig. 1.37. A, B. Internal carotid artery dilatation. A Left internal carotid artery study 
in frontal projection. Note the vasospasm at the level of a posterior communicating 
artery aneurysm, which has been clipped ( curved open arrow). B After angioplasty of 
the internal carotid artery with a Stealth balloon catheter (Target Boston Scientific; 
see Fig. 14.23). Note the improved caliber and filling of the anterior cerebral artery 



1. 2.8.1 Vasospasm 

Delayed ischemic complications from arterial vasospasm that follows 
subarachnoid hemorrhage remain a major cause of morbidity and mor- 
tality despite a myriad of pharmacological agents and hemorheological 
maneuvers (Heros et al. 1983). 

The introduction of mechanical balloon dilatation of cerebral arteries 
in the management of vasospasm was proposed by Zubkov et al. in 1984, 
and others (Higashida et al. 1989, 1990c; Newell et al. 1989; Brothers and 
Holgate 1990; Bracard et al. 1990; Berenstein et al. 1990), with similar pos- 
itive results and a very low morbidity rate. Over the past decade, angio- 
plasty has become accepted as an effective and safe treatment for patients 
with symptomatic vasospasm. 

Zubkov's Technique 

Zubkov’s technique consists of a single lumen catheter with a latex bal- 
loon introduced through direct carotid puncture; the materials are not 
commercially available. 
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Fig. 1.38. A-E. Bilobed aneurysm of the anterior communicating artery treated with 
a Hieshima detachable balloon filled with HEMA. A Oblique view of the left common 
carotid artery demonstrates a large, partially thrombosed, bilobed aneurysm of the 
anterior communicating artery (arrow). B Digital subtraction angiogram as the bal- 
loon (curved arrow) is partially inflated to fill up the proximal dome and neck of the 
aneurysm. C Immediate postembolization control angiogram of the left internal 
carotid artery demonstrates obliteration of the aneurysm but narrowing of the ante- 
rior cerebral artery (arrowhead). D Frontal view after angioplasty of the narrow 
segment. Note reconstitution of the anterior cerebral artery without stenosis and no 
filling of the aneurysm. E see p. 1 19 
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Fig. 1.38 ( continued ). 

E A 1-year follow-up angiogram 
shows persistence of the 
occlusion without stenosis. If 
the neck of the aneurysm is 
occluded, the treatment is con- 
sidered to be permanent 




Higashida Balloon Catheter 

The HigasSida balloon catheter (Figs. 14.25, 3.22, Chap. 14; Target Boston 
Scientific) consists of a blind-ended silicone balloon attached to a 2F non- 
tapered polyethylene catheter. Two different sizes of balloons have been 
described: (a) a0.85 x 3.5-mm uninflated balloon with a capacity of 0.1 0 ml 
that will expand to 3.5 x 12.5 mm and (b) a larger balloon (1.5 x 3.9 mm) 
that accepts 0.50 ml and which will expand to 7.5 x 13.5 mm; this balloon 
is used for the internal carotid artery and vertebral artery. 

The same balloon has been used by Newell et al. ( 1 989) and by Brothers 
and Holgate (1990). The balloon is attached to a variable stiffness Tracker 
catheter (Target Boston Scientific), which facilitates navigation. The mi- 
crocatheter also makes it possible to use deflecting guidewires within the 
balloon to deal with acute angulations such as catheterization of the ante- 
rior cerebral artery. 

Calibrated Leak Techniques 

Silicone Balloon. Brothers described a modification in the calibrated leak 
technique by making a hole in the balloon so a guidewire could pass 
through the silicone balloon while deflated, thus adding flexibility to the 
system. 
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Fig. 1.39. A-H. Reversible deficit after dilatation in a 31 -year-old man with cerebral 
vasospasm producing hemiplegia and aphasia. Latex calibrated leak technique (see 
text). A Frontal angiogram of the left internal carotid artery after clipping of an ante- 
rior communicating artery aneurysm. Note the spasm in the supraclinoid carotid Ml 
and M2 segments (arrows). There is also spasm of the A1 segment. B Lateral view of the 
same injection; later phase demonstrates absence of temporal branches in Broca’s area 
( small arrows). C Frontal view of the left internal carotid artery after various segments 
have been dilated. Note the skip areas ( arrowheads ). D After those areas have been di- 
lated there is a normal appearance to the middle cerebral artery (MCA). E-H see p. 120 
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Fig. 1.39. (continued). E Lateral view in early arterial and F late phases following di- 
latation demonstrates filling of the temporal opercular branches of the MCA not 
opacified prior to MCA occlusion ( arrowheads ; compare to B). There is persistent 
spasm of the anterior cerebral and pericallostal arteries. G, H Follow-up angiogram 
1 week later in frontal and lateral projections. The dilated segments remained dilat- 
ed and have a normal appearance. There still is slight spasm in the nondilated ante- 
rior cerebral artery territory. There was clinical improvement and full recovery of 
arm movement and speech improvement, which was then followed by leg improve- 
ment, compatible with the territories treated 
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Latex Balloon. The latex balloon technique uses a latex, calibrated leak 
balloon attached to a variable-stiffness microcatheter (Figs. 14.25, 3.22 
Vol. 5, and 14.37, 4.21, this volume) (Berenstein et al. 1990). The hole in 
the balloon should be large enough so that contrast material like heparin, 
thrombolytics, antispasmodics or other infusions, can be injected prior 
to balloon inflation. At present, we more often use the silicon balloon with 
a leak made externally with a 25- to 27-gauge needle (Fig. 14.25). 

The use of a variable-stiffness microcatheter, as compared to polyeth- 
ylene or other softer-type microcatheters, appears best, as they are soft 
enough to navigate but have sufficient rigidity to permit minor advance- 
ment or withdrawal in a very controlled manner. Thus, if skipped seg- 
ments of stenosis remain, the balloon can be repositioned for additional 
dilatation (Figs. 1.39, pp. 120, 121). 

In smaller, spastic, intracranial vessels, the calibrated leak system has 
multiple advantages over the blind-ended occlusive balloon technique: 

1. There is inherent safety, which prevents early overdistension and vessel 
rupture. The balloon leak acts as a self-decompressive valve system. 

2. The ability to inject distally makes it possible to continuously monitor 
the progress of dilatation. At the beginning of the procedure, stasis of 
contrast material is present. As spasm is relieved, distal washout of con- 
trast material will be noted, which provides excellent and immediate 
feedback on the progression of the dilatation. 

3. The initial mechanical force starting the dilatation is hydrostatic by the 
contrast material and confirms both the exact size of the spastic seg- 
ment and the exact location of the balloon tip. 

4. Instead of performing systemic heparinization, heparin can be locally 
injected. Vasoactive or thrombolytic agents can also be locally injected 
if needed. 

5. Variable stiffness microguidewires can be passed through the leak of 
the balloon for distal navigation (Figs. 1.40). A curve can be performed 
to facilitate torque control, a feature that also adds support to advance 
the system. The guidewire is withdrawn as the catheter is being ad- 
vanced. 

6. The wire can also be used to accomplish the initial dilatation of severe- 
ly vasoconstricted distal arteries. This is followed by advancing the de- 
flated balloon to the narrow segment prior to dilatation while main- 
taining torque control (Figs. 1.41). 

With all systems, balloon inflation is done with low pressure and for very 
short periods of 1-2 s. The narrowing of vasospasm is very easy to over- 
come, contrary to stenosis secondary to atherosclerosis. Therefore, the 
balloons (latex or silicone) must be very pliable and soft to be able to de- 
form and follow the natural course and shape of the vessel’s anatomy. 
Round balloons appear best, as they will be flattened when they reach the 
vessel wall, indicating the limit of inflation. As in the dilatation progress- 
es, a more rounded configuration of the balloon is needed, which adds 
safety by preventing overdistension. 
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Fig. 1.40A-C. Guidewire through balloon technique. Angioplasty of the anterior 
cerebral artery. A Road mapping in frontal projection from the right internal carotid 
artery demonstrates no filling of the anterior cerebral artery. B Road mapping digi- 
tal subtraction angiogram (DSA); the premounted curve guidewire is deflected to- 
wards the A1 segment (arrows). C Frontal DSA after angioplasty; note the filling of 
the anterior cerebral artery 







Fig. 1.41A-C. Guidewire through balloon technique. Initial dilatation with the wire. 
A Frontal digital subtraction angiogram (DSA) of the right internal carotid artery 
after dilatation of the proximal Ml segment shows a very narrow distal segment 
(arrow). B DSA road mapping image with the guidewire (arrow) as it passes the spas- 
tic segment, obtaining the initial dilatation. C After balloon dilatation of that segment 
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Over-the-Guidewire Balloon Tip Catheters 

The Stealth (Target Boston Scientific), a single lumen angioplasty catheter 
that combines variable stiffness technology and a low profile, was devel- 
oped by Berenstein. This catheter is designed for mechanical dilatation 
of atherosclerotic lesions of the vertebral artery, internal carotid artery 
(Figs. 14.23, 14.24), or vasospastic segments of the ICA (Figs. 1.37). The 
tractability of the variable-stiffness microcatheters makes it easy to reach 
the vessels at the base of the skull as well as the circle of Willis. Utilizing a 
special valve wire ball in the guidewire, the catheter tip is closed and an 
elongated balloon can be inflated. Deflation is easily accomplished by 
moving the microguidewire (Figs. 14.27) (Target Boston Scientific). Vari- 
ous sizes and lengths are available, depending on the vessel to be dilated. 

The Stealth and fast Stealth have been used for vasospasm (Eskridge et 
al. 1991), long stenosis (Berenstein et al. 1990), and atherosclerosis (Fer- 
guson 1990, personal communication). In vasospasm, it is used mainly in 
the proximal larger vessels such as the ICA (Figs. 1.37). However, with 
present technology, these catheters are primarily used for atherosclerotic 
lesions. 

Use of softer compliant balloon-tip catheters such as the Sentry 
(Fig. 14.29) (Target Boston Scientific) and the Equinox (MTI, San Clemente, 
CA, USA) (Fig. 14.30) has the advantage of a single inflation obtaining a 
uniform dilatation over the length of the balloon, avoiding skip areas that 
require multiple inflations with the other balloons. The limitation, how- 
ever, is their relatively large diameter, which limits their use to the more 
proximal Ml and PI segments, and less so to the Al (Fig. 1.42). 

Small- profile double-lumen balloon-tip catheters such as the Comodor 
(Fig. 14.26) (Cordis Endovascular, Warren, NJ, USA) may play a role in 
cerebral angioplasty and have the advantage of a soft compliant balloon 
and a distal lumen for monitoring or infusion of vasoactive drugs, he- 
parin, or thrombolytic agents. 

Over-the-Guidewire Dotter Technique 

In very distal spasm that does not respond to chemical dilatation, a Dot- 
ter-type technique can be used, using the microguidewire and micro- 
catheter combination to dilate distal small arteries in a minimally trau- 
matic fashion (Fig. 1.43). 
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Fig. 1.42A-D. Balloon catheter angioplasty in the horizontal segment of the mid- 
dle cerebral artery (MCA) for cerebral vasospasm following cerebral hemorrhage. 
A Frontal view of the right common carotid artery shows severe spasm of the hori- 
zontal segment of the MCA in a patient with a posterior communicating artery 
aneurysm (arrow). B Road map with the Sentry balloon-tipped catheter (Target 
Boston Scientific) to dilate the horizontal segment of the MCA in one inflation. Note 
the length of the balloon between the two arrows ; the guidewire is distal to the tip of 
the balloon ( curved arrow). C Following MCA angioplasty the aneurysm is catheter- 
ized. D Final angiogram after coiling the aneurysm and showing the improved flow 
in the MCA 
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Fig. 1.43A-C. Over-the-guidewire catheter angioplasty (Dotter technique). A Frontal 
view of the right internal carotid artery after coiling a posterior communicating ar- 
tery level aneurysm. Note the severe spasm of the middle cerebral artery extending 
into the more distal insular region. B Road map after the proximal MCA has been 
dilated with a calibrated leak balloon-tipped catheter. For the more distal MCA 
branches, the Dotter technique using a microcatheter and microguidewire is used to 
obtain a mechanical progressive dilatation of the more distal arteries. The tip of the 
guidewire (arrow) leads the tip of the catheter. C After angioplasty there is improved 
profusion of the MCA, which correlated with patient’s clinical improvement 
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Fig. 1.44A, B. Cerebral angio- 
plasty at time of coiling. 

A Lateral digital subtraction 
angiogram of the right com- 
mon carotid artery demon- 
strates severe vasospasm in the 
supraclinoid internal carotid 
artery proximal to a large pos- 
terior communicating artery 
aneurysm. B At the end of the 
treatment, note the improved 
caliber of internal carotid ar- 
tery: the aneurysm has been 
closed over 95%, and the poste- 
rior communicating artery now 
opacifies 



Indications and Results of Angioplasty for Vasospasm 

In the various series available, there has been an overall improvement in 
the patients’ neurological condition. In Zubkov’s experience in 33 patients 
(Zubkov et al. 1984), there was only one procedure that was not successful. 
Neurological improvement was noted in the other patients, although the 
exact number was not given. Among Higashida’s patients, eight out of ten 
improved. In Newell’s series, three out of four patients improved. In the 
four patients reported on by Brothers, early improvement was noted in 
three and arrest of progression occurred in the fourth patient. All five of 
Bracard’s patients responded to angioplasty. In eight out of our nine pa- 
tients, neurological improvement followed dilatation. 

Eskridge et al. (1998) reported very good results in their first 50 cases, 
and in Rosenwasser’s (1999) experience, patients treated within 2 h of the 
onset of vasospasm, with balloon angioplasty for the proximal spasm and 
papaverine infusion for the more distal spasm, did better in the long term 
than those patients treated later on and better than a similar cohort of pa- 
tients treated medically. 

Although there are no controlled studies, the nearly universal experi- 
ence and available evidence for significant early benefits of angioplasty 
appears strong, especially if dilatation is instituted early. It is apparent that 
the various techniques available are effective and safe in obtaining me- 
chanical dilatation of spastic cerebral arteries. It also appears that the ear- 
lier the angioplasty is done the better the outcome. The ease of the tech- 
nique may justify the dilatation of angiographically spastic arteries at the 
time of the procedure even if not symptomatic. Such dilatation carries the 
potential of improving collateral circulation to distal territories (Brothers 
et al. 1990), especially in the presence of distal spasm. 

There is a clear advantage to performing angioplasty at the time of en- 
dovascular treatment of an aneurysm (Fig. 1.44) that cannot be matched 
by intraoperative papaverine and clipping or by clipping and then send- 
ing the patient for dilatation. 
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Fig. 1.45A-J. Delayed onset 
of spasm with global cerebral 
dysfunction. A Frontal, and 
B lateral digital subtraction an- 
giogram (DSA) of the left 
vertebral artery (VA) shows a 
posteriorly pointing aneurysm. 
C, D Immediate DSA after endo- 
vascular coiling. E-J see p. 130 




The limitations and contraindications are not clear. It may be prudent 
to avoid reperfusion of an extensively infarcted or hemorrhagic territory, 
as seen by preliminary CT or MRI. In small infarctions, however, angio- 
plasty has been performed without apparent ill effects (Brothers et al. 
1990). Partially ischemic territories can show decreased attenuation or lu- 
cencies on CT that may represent edematous tissue, which sometimes can 
be reversed by angioplasty. Bejjani (1998) found that patients treated as 
late as 24 h after the onset of symptoms of vasospasm had a favorable re- 
sponse. It is agreed, however, that early intervention is best. In question- 
able cases, if the CT fails to show a hemorrhagic transformation of an 
infarcted area or the development of hydrocephalous, angiography with 
intent to treat vasospasm, if present, has become the approach of choice 
in most centers where endovascular treatment is available. 

In cases where the area of vasospasm correlates with the clinical find- 
ings, angioplasty of that area usually correlates with improvement. There 
are situations where the spasm is more global, and angioplasty of the var- 
ious territories is done to improve overall cerebral perfusion (Fig. 1.45). 

The question of vasodilatation prior to clipping of the aneurysm is 
probably not recommended, but it is not proven. Newell’s patient, in 
whom a dilatation was done prior to clipping the aneurysm, died from 
rupture after dilatation. Zubkov, however, does not consider an unclipped 
aneurysm a contraindication. Angioplasty was performed on ten of his 
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Fig. 1.45 (continued). E Left VA angiogram 2 days later, following the patient’s clin- 
ical deterioration, demonstrates severe vasospasm from the intradural portion of the 
left VA extending into the entire basilar territory and both proximal PI segments. 
F After calibrated leak balloon angioplasty of the vertebral, basilar, and posterior 
cerebral arteries with excellent return to the normal caliber. G Lateral DSA of the 
right common carotid artery shows supraclinoid and middle cerebral artery (MCA) 
spasm. H DSA after angioplasty of the supraclinoid carotid and Ml segment with 
improvement in flow. I Lateral DSA of the left common carotid artery shows supra- 
clinoid and MCA spasm. There is a small cavernous aneurysm. J Lateral DSA after 
angioplasty. The patient made a full recovery 
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patients prior to clipping; in six, vasodilatation was immediately followed 
by occlusion of the aneurysm by detachable balloons. Higashida had no 
complications in two patients after dilatation of the basilar artery in a su- 
perior cerebellar aneurysm, and in a basilar tip aneurysm. Both had un- 
dipped lesions and both patients were operated on 2 days later. 

We have experience in various settings of an unprotected aneurysm 
and spasm, where we first dilate the severe spasm prior to coiling (Fig. 1.44). 
In cases where there is severe vasospasm proximal to the aneurysm, the 
dilatation is first done chemically with papaverine or nitroglycerine, for 
example in the A1 origin, providing access to the aneurysm of the anterior 
communicating artery, securing the aneurysm with coils, and then infus- 
ing papaverine into the distal ACA territory, and subsequent angioplasty 
of the Al, with very good clinical results (Fig. 1.46). 

The incidence of vasospasm following coiling versus clipping is not well 
established, although empirically it appears more frequent after clipping. 

The concept of angioplasty prior to clipping the aneurysm is more con- 
troversial. If clipping must be done because the aneurysm cannot be 
coiled (even partially), then we recommend clipping the aneurysm first, 
followed by angioplasty under the same anesthesia. 

Vessel rupture is a rare complication of angioplasty and has been re- 
ported in one instance (Higashida et al. 1989b). A delayed vessel occlusion 
was reported in one of Newell’s patients, in whom a stiff balloon and 
guidewires were used. With our calibrated leak technique, we have not had 
vessel rupture, dissection, or occlusions. 

The effect of angioplasty on the cerebral vessels and its mode of action 
is not well understood. The clinical improvement and resolution of 
neurological deficits has been maintained, suggesting that spasm does not 
recur after dilatation without an additional insult such as repeated hem- 
orrhage. Follow-up angiograms in our patients showed persistent dilata- 
tion, a feature that has been observed by all other investigators (Figs. 1.39, 
3.25 Vol. 5). 

In vitro studies on the effect of mechanical dilatation in canine basilar 
arteries showed nonreactivity to vasoconstrictive pharmacological agents 
without intimal fracture (Pile-Spellman et al. 1987). In cadavers, Konishi 
et al. (1988) dilated middle cerebral artery branches to increase their lu- 
men by 30% and showed compressed intima and stretched elastic laminas 
and media but no intimal tearing. In one of our patients who died from 
a blood transfusion, pathological examination, including electron mi- 
croscopy, showed no structural damage. Significant work remains to 
properly understand how angioplasty affects the human cerebral vessels. 

In canine cerebral arteries, Megyesi et al. (1997) demonstrated that va- 
sospasm can be prevented if an angioplasty is done prior to the onset of 
vasospasm. They believed that it is due to disruption of normal response 
to the byproducts of SAH by the vessel wall. 

Mechanical recanalization of cerebral arteries by other techniques such 
as laser energy (Choi et al. 1986) is still experimental. 
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◄ Fig. 1.46A-F. Combined chemical and mechanical angioplasty before and after coil- 
ing. A Frontal digital subtraction angiogram (DSA) of the right common cortical 
artery shows an anterior communicating artery aneurysm associated with severe 
vasospasm of the internal carotid artery, middle cerebral artery (MCA), and the an- 
terior cerebral artery (ACA). B Frontal road map after papaverine injection into the 
ACA for catheterization of the aneurysm. The guidewire has entered the aneurysm 
and the tip of the catheter is later advanced. C Microcatheter tip is now inside the 
aneurysm. D Road map after the rapid placement of two coils within the sac of the 
aneurysm. E AP view after 95% coiling of the aneurysm with better circulation in 
time in the distal ACA following papaverine injection. F Frontal DSA after balloon 
angioplasty of the carotid, M 1 and A 1 , and chemical angioplasty, using papaverine in- 
jection to the distal ACA, with significant improvement in flow 



Chemical Treatment of Vasospasm 

Papaverine. Papaverine has been the most frequently used agent, with 
only temporary results and the potential for increasing ICP (Eskridge et 
al. 1991). 

We only use chemical angioplasty for catheterization of a spastic vessel 
leading to an aneurysm in the very distal territory (Fig. 1.46) or in spasm 
secondary to catheterization (Fig. 1.47). 

The maximal dose is 300 mg, even when a good LD 50 has not been es- 
tablished. 

Nitroglycerin. Nitroglycerin at a dose of 100 pg is a very potent and an 
immediate vasodilator, and is used more and more in the spasm that can 
follow catheterization (Figs. 1.48, 14.83). 
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Fig. 1.48A,B. Nitroglycerin at a 
dose of 100 pg is a very potent 
and an immediate vasodilator, 
and is used for the spasm that 
can follow catheterization. 

A Note the severe vasospasm 
(arrows). B After 100 pg, note 
the immediate relief of the 
spasm 



•4 Fig. 1.47 A-E. latrogenie vasospasm. Eight-month-old baby with a distal middle 
cerebral artery aneurysm after two hemorrhages. A Lateral subtraction angiogram of 
the left internal carotid artery demonstrates a false aneurysm of the middle cerebral 
artery (arrow). B Lateral and C frontal digital subtraction angiogram (DSA) after the 
second coil has been placed in the aneurysm. Severe vasospasm occurred at the prox- 
imal internal carotid artery as well as distally; the vasospasm extends into the mid- 
dle cerebral artery territory. D Lateral and E frontal DSA following three injections 
of papaverine demonstrate complete resolution of the vasospasm and obliteration of 
the aneurysm 





1.3 Venous Occlusive Disease 

1.3.1 Etiology 

The first clinical description and autopsy findings of cerebral venous 
thrombosis was made by Ribes in 1825 in a 45-year-old man with dissem- 
inated malignancy, while in 1828 Abercrombie described intracranial dur- 
al sinus thrombosis occurring in a postpartum patient (puerperium). 

These first descriptions already indicated what is now known: venous 
occlusive disease is a multicausal disorder that affects the venous aspect 
of the neurovascular tree and is related to certain hereditary and acquired 
predispositions. The incidence of venous thrombosis is therefore variable 
and will relate to multiple risk factors that are predominant in different 
age groups. 

The risk factors that are known to be associated with venous thrombo- 
sis are tissue damage and stasis (trauma, surgery, and immobilization), de- 
hydration, as well as congenital or acquired abnormalities associated with 
the hemostatic system (Table 1.31) (Seligsohn and Lubetsky 2001). De- 
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Table 1.31. Risk factors for cerebral venous thrombosis (from Lee et al. 2002a) 



Infection 

Trauma 



Medical/surgical conditions 



Medication 



Paranasal sinusitis 

Intracranial infection: abscess, meningitis 
Head trauma 

Neurosurgical interventions 
Internal jugular catheter 

Dehydration 

Pregnancy and puerperium 
Coagulation disorders: Factor V Leiden 
(activated protein C resistance), protein C 
deficiency, protein S deficiency, antithrombin 
III deficiency, hyperhomocysteinemia, 
Antiphospholipid syndrome 
Hematological disorders: polycythemia, 
sickle cell disease, thrombotic thrombocy- 
topenic purpura, polycythemia, paroxysmal 
nocturnal hemoglobinuria 
Malignancies, inflammatory bowel disease, 
nephrotic syndrome, dehydration, liver 
cirrhosis, collagen vascular diseases including 
systemic lupus erythematosus, Wegener’s 
granulomatosis and Behcet syndrome 
Previous surgical procedures 

Oral contraceptives, hormone replacement 
therapy, L-asparaginase, epsilon aminocaproic 
acid, corticosteroid 



ficiency of protein C, protein S, antithrombin, and factor V Leiden carrier 
status or resistance to activated protein C are estimated to account for 
25%-35% of all occurrences of venous thrombosis (Rosendaal 1997; de 
Visser et al. 1999). Hypercoagulable states related to the use of oral contra- 
ceptives, pregnancy/puerperium and malignancy represent another large 
group known to be associated with increased risk for venous thrombosis. 



1.3.2 Incidence 

The incidence of venous thrombosis between the ages of 1 month and 
18 years was 0.7 per 100,000 per year in a Canadian stroke registry (de Ve- 
ber et al. 2001) and 0.6 per 100,000 in a Dutch hospital discharge registry 
(Rosendaal 1997). In the first year of life, venous thrombosis frequently 
occurred in association with indwelling venous catheters or as renal 
vein thrombosis. Following a peak in the firsts year, the incidence be- 
comes very low over the next 10 years and then gradually increases with 
age. In children, multiple risk factors for venous thrombosis can often be 
identified and are apparently required to produce symptomatic venous 
thrombosis. 

The use of oral contraceptives (including third-generation contracep- 
tives) is associated with a four- to sevenfold increase in the risk for venous 
thrombosis (Vandenbroucke et al. 2001). The absolute risk remains low 
with the base-line risk of less then 1 per 10,000 being increased to 3-4 per 
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10,000 person-years during the time when oral contraceptives are used. 
The risk for cerebral vein thrombosis increases 20-fold if oral contracep- 
tives are taken by women who have an inherited disorder of the hemosta- 
tic system such as a mutation in the prothrombin gene (Martinelli et al. 
1998) or 35-fold in women who were heterozygous for factor V Leiden 
(Seligsohn and Lubetsky 2001). 

Pregnancy and puerperium increase the risk of venous thrombosis as 
much as fourfold. However, this risk is much greater shortly after delivery 
then during pregnancy, and per unit time the incidence of thrombosis is 
25-fold higher postpartum then during pregnancy (Rosendaal 1997). In a 
woman below the age of 40 who presents with a cerebral ischemic event, 
the chance of it being caused by venous thrombosis is twice that of it be- 
ing arterial in origin. 



1.3.3 Clinical Presentation and Natural History 

The clinical presentation of patients presenting with intracranial venous 
thrombosis will depend on the location and extent of the thrombosis (su- 
perior sagittal sinus, transverse sinus, straight sinus, cortical versus deep 
venous system) (Table 1.32). The clinical impact of the venous thrombo- 
sis will be worsened or diminished depending on the patient’s venous 
anatomical disposition (collateral alternate pathways, Vol. 1, Chap. 7). Fre- 
quently the symptoms and signs of intracranial venous thrombosis are 
nonspecific, such as headaches and vomiting, and may continue for hours 
or days. This most likely reflects global increased venous pressure related 
to early dural sinus thrombosis. This type of presentation in association 
with new onset of seizures, papilledema, decreased mentation, and focal 
neurological deficit should raise a strong suspicion of venous occlusive 
disease affecting the cortical venous system secondarily to dural sinus 
thrombosis. Seizures may be focal or generalized and occur in about half 
of the patients. Stepwise slow progression of venous occlusive disease is 
expressed clinically by accumulative symptoms and signs, sometimes ex- 
tending over days or even weeks. Rapid clinical progression may occur in 



Table 1.32. Clinical presentation of cerebral venous 
thrombosis 3 (from Lee et al. 2002a) 



Symptoms Headache 

Double vision 
Blurred vision 
Altered consciousness 
Nausea, vomiting 
Seizures 

Signs Papilledema 

Focal neurological deficit 
Cranial nerve palsies 
Nystagmus 



Clinical presentation of cerebral venous thrombosis 
is dependent on the location and extent of the throm- 
bosis. 
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a smaller subgroup leading to status epilepticus, progressive loss of con- 
sciousness and a comatose state, which without treatment is associated 
with 70% mortality (Einhaupl et al. 1991). With recent advances in imag- 
ing and increased clinical awareness, this poor outcome has resulted in 
earlier medical therapy and decreased mortality rates of less then 10% 
(Brucker et al. 1998; Bousser 1999, 2000). 

Simultaneous venous occlusive disease involving other body parts is 
not rare and pulmonary embolism has been demonstrated in up to 11% 
of patients with dural sinus thrombosis (Diaz et al. 1992). 



1.3.4 Imaging 

Clinical suspicion of the diagnosis of cerebral venous thrombosis will 
greatly facilitate the radiological interpretation of subtle abnormalities 
that may be visualized in early venous occlusive disease. In addition, the 
radiological findings interpreted with an awareness of this clinical condi- 
tion may result in an early diagnosis despite the still nonspecific clinical 
symptomatology. Frequently, however, early diagnosis is not made be- 
cause of a lack of clinical or radiological suspicion. CT, MRI, and angiog- 
raphy have all been used for the purpose of investigating patients sus- 
pected of having cerebral venous thrombosis. 

CT, because of its easy access, is probably used in most instances as the 
first imaging modality and it may demonstrate a variety of findings de- 
pending on the localization of the venous thrombosis and its impact on 
the surrounding brain. Clot may be demonstrated within the dural sinus 
as an elongated area of increased density in the transverse or straight si- 
nus on plain CT. Clot mass may also be shown following intravenous con- 
trast enhancement as a triangular filling defect (empty delta sign) in the 
superior sagittal sinus or the torcula. Bilateral areas of decreased density 
may be present parasagittal in location in case of superior sagittal sinus 
thrombosis or may involve the basal ganglia and thalamic regions in case 
of deep cerebral venous thrombosis with involvement of the straight sinus 




Fig. 1.49 A, B. A 32-year-old 
woman on birth control med- 
ication presented with new 
onset of seizure and sudden 
headaches. Unenhanced CT (A) 
at presentation showed small 
bilateral cortical areas of in- 
creased and decreased density, 
which 48 h later on unen- 
hanced CT (B) showed charac- 
teristic findings of bilateral 
hemorrhagic venous infarction 
associated with superior sagit- 
tal sinus thrombosis 
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Fig. 1.50. A 40-year-old woman presenting with a postpartum seizure shows a mixed 
signal intensity lesion within the right parietal lobe on Tl-weighted MRI (arrow, A). 
The MRI venogram in sagittal view (B) shows the major dural sinuses, including the 
superior sagittal sinus, to be patent. T 1 -weighted MRI in coronal view (C) shows a tu- 
bular structure over the surface of the right parietal lobe cortex to be iso-intense in 
signal (arrow). T2-weighted MRI in the coronal view (D) shows the same tubular 
structure to be low signal (arrow), simulating flow void. Source images from gadolin- 
ium-enhanced MRI venogram in coronal view (E) demonstrates nonenhancement of 
this tubular structure (arrow), indicating an isolated cortical vein thrombosis. Anti- 
coagulation therapy resulted in reversal of the clinical symptoms 

(Brown 1993). Unilateral areas of decreased density involving the tempo- 
ral lobes in a nonarterial distribution are seen with transverse sinus 
thrombosis. As the venous cerebral ischemia is prolonged, hemorrhagic 
conversion occurs and becomes readily visible on plain CT (Fig. 1.49). 

MRI has proven to be the modality of choice and has surpassed cere- 
bral angiography in its ability to demonstrate dural sinus thrombosis and 
venous ischemia (Tsai et al. 1995). Conventional MRI sequences will 
demonstrate clot within cortical veins or dural sinuses with different sig- 
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Fig. 1.51 A, B. A 46-year-old man with 1-week history of intermittent but progres- 
sive headaches and blurred vision and 1-day history of nausea and vomiting. Tl- 
weighted MRI (A) shows increased signal within the superior sagittal sinus (arrows), 
indicating subacute thrombosis which was confirmed at carotid angiogram lateral 
view ( arrows , B). Anticoagulation therapy resulted in reversal of clinical symptoms 



nal characteristics, depending on the age of the clot. T1 -weighted images 
will show iso-signal intensity and hypointense signal is seen on T2- 
weighted images (Fig. 1.50). About 3-7 days later, it is easier to recognize 
the thrombus on MRI. The thrombus will show high signal intensity on 
Tl-weighted images (Figs. 1.51, 1.52). Special sequences can be used in 
combination with contrast enhancement to best demonstrate the venous 
vascular structures (Fig. 1.53) (Farb et al. 2003), obviating the need for 
conventional angiography. Careful analysis of the MRI scan (including the 
source images) is required to be able to decode the various signal charac- 
teristics associated with the evolution of the clot within the venous chan- 
nels and the developing venous congestion and infarction. 

The impact of venous ischemia on the brain parenchyma is well 
demonstrated with MRI. 

Diffuse low attenuated lesions on CT or high signal intensity lesions on 
T2 -weighted images on MRI that do not correspond to the arterial terri- 
tories are highly suggestive imaging findings of cerebral venous throm- 
bosis (CVT). About 40% of symptomatic CVT patients showed CT evi- 
dence of hemorrhage and almost all CVT patients demonstrated T2- 
weighted high signal intensity of the lesion (Ducreux et al. 2001; Forbes et 
al. 2001). DWI and the apparent diffusion coefficient (ADC) may help pre- 
dict the possibility of permanent neurological deficit in arterial infarc- 
tion. These imaging techniques have also been used to differentiate re- 
versible ischemic tissue from irreversible ischemic tissue in CVT (Fig. 1.54). 
Preliminary results have shown the potential to predict the prognosis of 
the CVT (Manzione et al. 2000). Recent investigations have also revealed 
that the mixed signal intensity of DWI in CVT suggested mixed cytotoxic 
and vasogenic edema. Interestingly, the reduced ADC value in CVT did 
not correlate with permanent neurological deficit (Ducreux et al. 2001). 
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Fig. 1.52A-C. A 27-year-old female patient presented with headache, nausea, and 
vomiting and in 24 h progressed to aphasia and a decreased level of consciousness. 
Axial noncontrast CT (A) shows an increased density within the internal cerebral 
veins and straight sinus ( arrows ) as well as decreased density in the thalami on both 
sides; a small hemorrhage is seen in the right lateral ventricle. T2-weighted MRI (B) 
demonstrates bilateral basal ganglia and thalamic increased signal changes (arrows). 
C T1 -weighted MRI in sagittal view demonstrates subacute thrombus in the vein of 
Galen and straight sinus (arrows). The patient was subsequently proven to have an- 
tiphospholipid antibody syndrome 




Fig. 1.53. Example of normal cerebral venous anatomy as shown by special contrast- 
enhanced MRI technique. (Farb et al. 2003) 
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Fig. 1.54. A 23-year-old woman presented with a 5-day history of headache, nausea 
and vomiting, demonstrating thrombosis of the deep venous system as well as the su- 
perior sagittal sinus on contrast enhanced MRI (A). Repeat contrast-enhanced MRI 
3 months later, following institution of anticoagulation therapy, demonstrates re- 
canalization of the dural sinuses and deep venous system (B). Patient made an excel- 
lent clinical recovery with reversal of the abnormal signal changes involving the 
basal ganglia and thalamic regions shown on DWI at presentation (C) with normal- 
ization on follow-up 3 months later (D) 



Thus, a decrease in ADC in the CVT patient might not have the same 
prognostic value as those following an arterial stroke and imply the re- 
versibility of ischemic brain tissues despite its decreased ADC value. 

Magnetic resonance venography (MRV) demonstrates venous anatomy 
exquisitely, and is a very useful screening imaging technique (Fig. 1.52), 
and cerebral angiography is nowadays rarely used to make the diagnosis 
of venous thrombosis. However, angiography can provide significant ad- 
ditional information, by showing the circulation of the contrast material 
through the vascular bed, thereby demonstrating the individual host re- 
sponse to the presence of venous thrombosis and possibly showing alter- 
nate (collateral) venous pathways being used (Andeweg 1996). This type 
of physiological response to the presence of venous thrombosis may 
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explain the individual differences (clinical presentation and outcome) of 
patients presenting with intracranial venous thrombosis; this informa- 
tion, shown by angiography, cannot be demonstrated on CT or MRI. 



1.3.5 Treatment 

Treating patients with intracranial venous thrombosis is dependent on 
the ability to clinically suspect and radiologically confirm this diagnosis, 
which continues to be the biggest challenge. Timely diagnosis is critical 
for effective management. Once the diagnosis is made, medical therapy is 
started, which includes hydration, systemic anticoagulation, and anticon- 
vulsant therapy. Purdon Martin and Sheehan (1941) were the first to pro- 
pose anticoagulation therapy for dural sinus thrombosis. Anticoagulation 
therapy has been used routinely for the treatment of intracranial venous 
thrombosis for the past 15 years. 

A randomized, blinded placebo-controlled study in 20 patients demon- 
strated that anticoagulation with dose-adjusted intravenous heparin (un- 
fractionated heparin, bolus dose of 3,000 IU and continuous infusion of 
25,000-65,000 IU/day) was an effective treatment in patients with dural 
sinus thrombosis and showed that associated hemorrhage was not a con- 
traindication to heparin in these patients (Einhaupl et al. 1991). The trial 
was stopped after 20 patients because of the dramatic difference in out- 
come in the two groups. The statistically significant beneficial effect of he- 
parin treatment was seen after 3 days of therapy and confirmed at every 
subsequent examination up to 3 months after the start of treatment. Sys- 
temic heparin does not appear to initiate hemorrhage and prevents prop- 
agation of clot. Even in the presence of hemorrhagic infarction, the great 
majority of patients respond well to a regimen of medical therapy that in- 
cludes anticoagulation. 

A second randomized trial investigating the role of low-molecular- 
weight heparin (LMWH) in the management of cerebral venous throm- 
bosis demonstrated the safety of anticoagulant therapy (de Bruyn et al. 
1999). In this study, 20% of patients in the heparin treatment group and 
24% in the placebo group had a poor outcome after 3 weeks, and 13% in 
the treatment and 21% in the placebo group had a poor outcome after 
12 weeks. The definition of poor outcome was death or a Barthel Index 
Score under 15. This study did not demonstrate statistically significant 
clinical outcome improvement differences between the heparin treatment 
group and the control group. However, it revealed that LMWH treatment 
followed by oral anticoagulation showed favorable outcome compared to 
the control group and the safety of anticoagulation, even in the case of 
cerebral hemorrhage. 

Patients in this trial were treated earlier and their conditions were less 
severe as compared to the first trial. 

A meta-analysis of the two available trials shows an absolute risk re- 
duction for mortality of 14% and 15% for dependency, with relative risk 
reductions of 70% and 56%, respectively (de Bruyn et al. 1999). This 
strongly reinforces the use of heparin as the first-line treatment for cere- 
bral venous thrombosis. It is expected that about 70% of patients with 
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cerebral venous thrombosis affecting the dural sinuses will make a com- 
plete recovery with anticoagulation therapy alone (Bousser 1999; Bousser 
et al. 1985) (Fig.1.54). In exceptional circumstances, heparin treatment 
may worsen the thrombosis by inducing thrombocytopenia (Lee et al. 
2002a) 

However, the effect of heparin, which can usually be seen within the 
first days of treatment, maybe too slow to help a subgroup of patients with 
rapidly progressing thrombosis that involves large parts of the cerebral 
venous system and rapidly leads to diffuse brain swelling and multiple 
hemorrhages, resulting in an overall mortality rate of 10%. It is this sub- 
group that should be considered for thrombolytic therapy, as it is the only 
possible treatment method that can prevent catastrophic outcome. It has 
been our practice to await the impact of anticoagulation therapy for at 
least 24 h and to consider thrombolytic therapy if clinical symptoms con- 
tinue to worsen during that time period. Vines and Davis (1971) were the 
first to propose thrombolytic therapy (urokinase) in the management of 
cerebral venous thrombosis, followed by Di Rocco et al. (1981), who used 
intravenous urokinase in combination with heparin treatment. 

Local urokinase infusion into the dural sinus was first used as treatment 
in 1988 (Scott et al. 1988). Subsequently, several reports demonstrated the 
feasibility of infusion of thrombolytic agents into the thrombosed dural 
sinus via the direct percutaneous or retrograde transvenous approach 
(Higashida et al. 1989; Barnwell et al. 1991; Tsai et al. 1992; Horowitz et al. 
1995). With improved catheter technology, it also became possible to access 
the deep venous system via the straight sinus and infuse thrombolytic 
therapy (Holder et al. 1997; Spearman et al. 1997; Smith et al. 1994). Local 
administration of thrombolytic therapy generally avoids the systemic he- 
morrhagic effects caused by high-dose intravenous delivery. 

The dose, method, and type of thrombolytic therapy has changed over 
the past decade, from prolonged infusions with a low dose of urokinase to 
more rapid pulse spray techniques using recombined tissue plasminogen 
activator (r-TPA). The duration and dose has ranged from 2 to 244 h to in- 
fuse 0.5-20 million units of urokinase and from 2-43 h to administer 
50-300 mg of r-TPA (Barnwell et al. 1991; Tsai et al. 1992; Smith et al. 1994; 
Kim and Suh 1997; Chaloupka et al. 1999). Local injection of r-TPA in 
combination with heparin appears to carry a higher risk for worsening 
the intracerebral hemorrhage than heparin alone in patients with pre- 
treatment hemorrhagic infarction. The overall outcome was improved in 
the absence of such pretreatment hemorrhage when using intravenous 
heparin in combination with local r-TPA treatment (Frey et al. 1999). They 
showed flow restoration in 75% of the patients in 29 h after r-TPA treat- 
ment. They also demonstrated that clinical recovery was closely related to 
the degree of flow restoration. For example, the complete flow restoration 
group showed complete clinical recovery in 83% of patients, while the 
partial recanalization group had symptomatic recovery in 66%, but in the 
nonrecanalized group, only 33% demonstrated functionally independ- 
ence. This study also showed 16.7% neurological complications such as 
enlargement of intracranial hematoma and 33.3% nonneurological com- 
plication related to r-TPA treatment (one groin hematoma and three with 
neck pain related to catheterization). From these observations, one can 
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conclude that local infusion of r-TPA in CVT was technically feasible, that 
flow restoration after r-TPA treatment was important for future clinical 
outcome, and that r-TPA local infusion had a relatively high nonneuro- 
logical complication rate and worsening of intracranial hemorrhage after 
r-TPA treatment. 

In the CVT patients without obvious pretreatment hemorrhage, en- 
dovascular treatment seems to be safe and improves clinical outcome 
through rapid restoration of flow. It is important to keep in mind that cur- 
rently no scientifically proven regimen of endovascular therapy exists 
with inclusion or exclusion criteria, dosage of thrombolytic agent, dura- 
tion of treatment, concomitant usage of heparin and radiological end 
point of the interventional procedure. It has been our experience to per- 
form endovascular treatment in patients who show clinical deterioration 
despite 24-h heparin therapy, and we use the rapid-pulsed direct infu- 
sion technique with up to 30-50 mg r-TPA through a microcatheter for 
40-60 min (Fig. 1.55). We use concomitant intravenous heparin, and our 
angiographic end point is not the total absence of thrombus in the dural 
sinus but rather the reestablishment of antegrade flow within the dural si- 
nus. In our experience, reestablishment of antegrade flow with continued 
anticoagulation is sufficient to facilitate clinical improvement (Fig. 1.56) 
(Lee etal. 2002b). 

As the amount of clot can be prohibitive in the venous dural sinuses, 
other solutions to more rapidly reopen the venous channels have been ex- 
plored in combination with thrombolytic therapy. They include mechan- 
ical disruption using guidewires, rheolytic thrombectomy catheters, 
transluminal balloon angioplasty, as well as balloon angioplasty and 
stenting, and surgical thrombectomy (Ekseth et al. 1998; Chaloupka et al. 
1999; Malek et al. 1999; Scarrow et al. 1999). While these methods are be- 
ing explored, it is important to keep in mind that the absolute end point 
of thrombolytic therapy is often unclear. While we prefer total absence of 
clot in the dural sinuses at the end of the procedure, this may in fact not 
be necessary, and, in our experience, reestablishment of antegrade flow is 
often sufficient to facilitate clinical improvement (Fig. 1.56). Continued 
anticoagulation will prevent propagation of clot, and in time, the full lu- 
men of the sinus will become reestablished. 

Venous thrombosis of the dural sinuses can also be part of the dynam- 
ic progression of patients with intracranial dural arteriovenous malfor- 
mations and fistulas as well as being associated with the syndrome of 
pseudotumor cerebri. The role of endovascular reopening of the dural si- 
nuses using transvenous thrombolytic therapy as well as retrograde 
transvenous angioplasty and stent placement is currently being explored 
for those patients demonstrating a relentless, progressive neurological de- 
terioration and has shown promising results in selected cases ( Vilela et al. 
2001a; Kollar et al. 2001). 
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Fig. 1.56A,B. A 28-year-old 
female patient who had pre- 
sented with superior sagittal si- 
nus thrombosis and continued 
to worsen clinically despite an- 
ticoagulation therapy was then 
additionally treated with retro- 
grade transvenous thromboly- 
tic therapy. Unenhanced CT (A) 
prior to treatment and 10 days 
after combination of anticoag- 
ulation and local transvenous 
thrombolytic therapy (B) 
demonstrates dramatic reversal 
of the low-density changes par- 
alleling the clinical recovery 
which continued over several 
weeks to eventually stabilize 
with minor neurological deficit 



< Fig. 1.55A-F. Patient presenting with superior sagittal sinus thrombosis failed to re- 
spond to anticoagulation therapy and retrograde venous catheterization of superior 
sagittal sinus (SSS) was performed for local injection of thrombolytic therapy. 
Progressive opening of SSS with local thrombolytic therapy was demonstrated on se- 
quential venograms in lateral views (A-D) performed progressively more forward 
into the SSS. Preretrograde (E) and immediately postretrograde transvenous throm- 
bolytic therapy internal carotid angiograms in lateral view, venous phase (F) demon- 
strated partial reopening of the SSS and was associated with excellent clinical recovery 




Appendix 

GOS Rating Scale (Glasgow Outcome Scale) 

Score 

1 Dead 

2 Vegetative state 

Unable to interact with environment; unresponsive 

3 Severe disability 

Able to follow commands; unable to live independently 

4 Moderate disability 

Able to live independently; unable to return to work or school 

5 Good recovery 

Able to return to work or school 
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Hunt and Hess Classification of Subarachnoid Hemorrhage 

Grade 3 Description 

0 Unruptured aneurysm 

1 Asymptomatic or mild headache and slight nuchal rigidity 

la No acute meningeal/brain reaction, but with fixed neurological 
deficit 

2 Cranial nerve palsy, moderate to severe headache, nuchal rigidity 

3 Mild focal deficit, lethargy or confusion 

4 Stupor, moderate to severe hemiparesis, early decerebrate rigidity 

5 Deep coma, decerebrate rigidity, moribund appearance 

3 Add one grade for serious systemic disease (e.g., hypertension, diabetes, 
severe atherosclerosis, chronic obstructive pulmonary disease) or severe 
vasospasm on angiography. 



Modified Rankin Scale 

0 No symptoms at all 

1 No significant disability despite symptoms: able to carry out all usual 
duties and activities 

2 Slight disability: unable to carry out all previous activities, but able to 
look after own affairs without assistance 

3 Moderate disability: requiring some help, but able to walk without as- 
sistance 

4 Moderate to severe disability: unable to walk without assistance, and 
unable to attend to own bodily needs without assistance 

5 Severe disability: bedridden, incontinent, and requiring constant nurs- 
ing care and attention 

6 Death 



NIH Stroke Scale 



la. Level of consciousness: 



lb. Ask patient the month 
and their age 



0. Alert 

1. Not alert, but arousable with min- 
imal stimulation 

2. Not alert, requires repeated stimu- 
lation to attend 

3. Coma 

0. Answers both correctly 

1. Answers one correctly 

2. Both incorrect 
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lc. Ask patient to open 
and close eyes 

2. Best gaze (only horizontal 
eye movement) 

3. Visual field testing 



4. Facial paresis (ask patient to 
show teeth or raise eyebrows 
and close eyes tightly) 



5. Motor function - arm 
(right and left) 

Right arm 
Left arm 



6. Motor function - leg 
(right and left) 

Right leg 
Left leg 



7. Limb ataxia 



8. Sensory (use pinprick to test 
arms, legs, trunk and face; 
compare side to side): 

9. Best language (describe 
picture, name items, 
read sentences) 



0. Obeys both correctly 

1. Obeys one correctly 

2. Both incorrect 

0. Normal 

1. Partial gaze palsy 

2. Forced deviation 

0. No visual field loss 

1. Partial hemianopia 

2. Complete hemianopia 

3. Bilateral hemianopia (blind 
including cortical blindness) 

0. Normal symmetrical movement 

1. Minor paralysis (flattened 
nasolabial fold, asymmetry on 
smiling) 

2. Partial paralysis (total or near 
total paralysis of lower face) 

3. Complete paralysis of one or both 
sides (absence of facial movement 
in the upper and lower face) 

0. Normal (extends arms 90° or 
45° for 10 s without drift) 

Drift 

Some effort against gravity 
No effort against gravity 
No movement 

Untestable (joint fused or limb 
amputated) 

Normal (hold leg 30° position 
for 5 s) 

Drift 

Some effort against gravity 
No effort against gravity 
No movement 

Untestable (joint fused or limb 
amputated) 

No ataxia 

Present in one limb 
Present in two limbs 

Normal 

Mild to moderate decrease in 
sensation 

Severe to total sensory loss 
No aphasia 

Mild to moderate aphasia 
Severe aphasia 
Mute 



1 . 

2 . 

3. 

4. 
9. 

0 . 

1 . 

2. 

3. 

4. 
9. 

0 . 

1 . 

2 . 

0 . 

1 . 

2 . 

0 . 

1 . 

2 . 

3. 
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10. Dysarthria 

(read several words) 



11. Extinction and inattention 



Normal articulation 

Mild to moderate slurring of 

words 

Near unintelligible or unable to 
speak 

Intubated or other physical 
barrier 

Normal 

Inattention or extinction to 
bilateral simultaneous stimulation 
in one of the sensory modalities 
Severe hemi-inattention or hemi- 
inattention to more than one 
modality 



0 . 

1 . 

2 . 

9. 

0 . 

1 . 

2 . 
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Barthel Index 



Score Activity 



Feeding 
0 Unable 

5 Needs help cutting, spreading butter, etc., or requires modi- 

fied diet 

10 Independent 

0 5 10 

Bathing 

0 Dependent 

5 Independent (or in shower) 

05 

Grooming 

0 Needs to help with personal care 

5 Independent face/hair/teeth/shaving (implements provided) 

05 

Dressing 

0 Dependent 

5 Needs help but can do about half unaided 

10 Independent (including buttons, zips, laces, etc.) 

0 5 10 
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Bowels 



0 Incontinent (or needs to be given enemas) 

5 Occasional accident 

10 Continent 

0 5 10 

Bladder 

0 Incontinent, or catheterized and unable to manage alone 

5 Occasional accident 

10 Continent 

0 5 10 

Toilet use 

0 Dependent 

5 Needs some help, but can do something alone 

10 Independent (on and off, dressing, wiping) 

0 5 10 

Transfers (bed to chair and back) 

0 Unable, no sitting balance 

5 Major help (one or two people, physical), can sit 

10 Minor help (verbal or physical) 

15 Independent 

0 5 1015 

Mobility (on level surfaces) 

0 Immobile or <50 yards 

5 Wheelchair independent, including corners, >50 yards 

10 Walks with help of one person (verbal or physical) >50 yards 

1 5 Independent (but may use any aid; for example, stick) >50 

yards 

0 5 10 15 

Stairs 

0 Unable 

5 Needs help (verbal, physical, carrying aid) 

10 Independent 

0 5 10 
Total 0-10 

Patient name: Rater: 



Date: / / 
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The Barthel ADL Index: Guidelines 

1. The index should be used as a record of what a patient does, not as a 
record of what a patient could do. 

2. The main aim is to establish degree of independence from any help, 
physical or verbal, however minor and for whatever reason. 

3. The need for supervision renders the patient not independent. 

4. A patient’s performance should be established using the best available 
evidence. Asking the patient, friends/relatives and nurses are the usual 
sources, but direct observation and common sense are also important. 
However, direct testing is not needed. 

5. Usually the patient’s performance over the preceding 24-48 h is impor- 
tant, but occasionally longer periods will be relevant. 

6. Middle categories imply that the patient supplies over 50% of the effort. 

7. Use of aids to be independent is allowed. 
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2.1 Introduction 

Because of the rich blood supply of the dura and bone, tumors involving 
these structures are frequently hypervascular. The unique dual function 
of the dura as the periosteum of the inner table of the skull and as a pro- 
tective covering for the central nervous system, makes tumors affecting 
the dura and/or bone of particular interest. Presenting complaints may 
involve central nervous system manifestations, or, if the lesion grows 
outward, local changes in the bone, muscle, or skin. 



2.2 Meningiomas 

2.2.1 Epidemiology 

2.2.1. 1 Origin 

The term “meningioma” was introduced by Harvey Cushing in his 1922 
Cavendish Lecture on tumors arising from the meninges. Although known 
to exist for many decades, they had previously been called by a variety of 
names. 

Meningiomas originate from cell elements that form the meninges, 
usually the arachnoid cells, packing the arachnoid villi, which protrude as 
fingerlike projections into the walls of the dural veins and sinuses. They 
may also arise from dural fibroblasts and pial cells (Rubinstein 1972). 

The most frequent sites of origin of these tumors are, therefore, those 
where the arachnoid villi are normally the most numerous, i.e., the major 
dural sinuses and along the root sleeves of the existing spinal nerves. 

Meningiomas may, however, originate anywhere along the arachnoid 
membrane. Rarely, they may arise from stromal cells in the spaces that 
surround the perforating blood vessels or the intracerebral extensions of 
the leptomeninges as they form the villi interposita and the stroma of the 
choroid plexus, giving rise to intraventricular meningiomas. There are 
also rare extracalvarial or ectopic meningiomas, which are believed to 
arise from ectopic arachnoid cell inclusions. 



2.2.1. 2 Incidence 

Meningiomas account for 13%-18% of all primary intracranial tumors 
and 20%-25% of intraspinal tumors (Rubinstein 1972). They occur at any 
age, but typically affect adults between 20 and 60 years of age, with a peak 
incidence at age 45. In adults, intracranial meningiomas are more fre- 
quent in females, with a female-to-male ratio of 2.5:1 (Kepes 1982). It is 
interesting to note that this female predominance applies primarily to 
symptomatic middle-aged adults. At the extremes of life one does not find 
these features. 

Deen et al. (1982), in their review of meningiomas in patients under 
20 years of age, found a female-to-male ratio of 1:1. The rapid growth of 
meningiomas during pregnancy was noted as early as 1929 by Cushing. 
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Tumors in these women are most frequent near the sella turcica, and their 
clinical behavior is probably related to their proximity to the optic nerve 
and chiasm; the changes in visual acuity produced by tumor growth are 
quickly noticed by the patients. 

As with other tumors, the relationship of sex hormones to tumor 
growth is a very interesting and puzzling phenomenon. One may argue 
that the changes that occur are secondary to direct hormonal activity of 
the tumor, such as occurs with breast or endometrial cancers, or that they 
are due to swelling with vacuolization, suggesting tissue edema. It is diffi- 
cult to estimate the relative importance of tumor enlargement by hor- 
monal factors versus the role of cerebral edema during the hyperemia of 
pregnancy. Michelsen and New (1969) demonstrated a decrease in mass 
effect of a frontal meningioma after pregnancy was terminated. Unfortu- 
nately this was reported before the era of computed tomography (CT), 
and the reduced mass effect documented by serial angiography may have 
been due to a decrease in white matter edema and not tumor size. Even in 
carcinoma of the breast or endometrium, where estrogens are thought 
to play a role in the formation or growth rate of the tumor, these effects 
are believed to be slow and cumulative. Probably some combination of 
hormonal stimulation and hydropic swelling contribute to the growth of 
meningiomas and the edema that is frequently associated. 



2.2. 1.3 Association of Meningiomas with Other Tumors 
Breast Carcinoma 

There are numerous reports of patients suffering from both of these tu- 
mors. Schoenberg et al. (1975), in his analysis of a possible relationship 
between nervous system tumors and primary cancers in other sites, found 
a statistically significant correlation only between meningiomas and 
breast carcinoma. Fenyes and Kepes (1956) reported a patient with carci- 
noma of the breast and a cerebellar metastasis, who at autopsy was found 
to have multiple meningiomas; one of these harbored a tumor embolus 
from the carcinoma. This association between meningioma and breast 
cancer is of clinical importance: patients with known breast cancer who 
develop symptoms and signs of an intracranial mass must be evaluated 
very carefully, as the cerebral lesion may be a curable lesion rather than a 
metastasis (Haar and Patterson 1972). 

Multiple meningiomas occur incidentally in l%-2% of cases (Kepes 
1982) but are typically associated with the central form of von Reckling- 
hausen’s neurofibromatosis, which also has a high incidence of neurino- 
mas and gliomas. The occurrence of gliomas or other central nervous sys- 
tem tumors in association with meningiomas in other patients is felt to be 
coincidental (Russell and Rubinstein 1989). 
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2 . 2 . 1.4 Sex Hormone Receptors in Meningiomas 

Donnell et al. (1979) demonstrated estrogen receptors in four out of six 
meningiomas, at a high level in two. Interestingly, one of the four patients 
with a positive tumor was a male. Poisson et al. (1980) studied 22 menin- 
giomas: they found estrogen receptors in 59% and receptors for proges- 
terone in all 22 cases. This may explain why meningiomas appear to grow 
more rapidly during pregnancy. Schnegg et al. (1981) found androgen 
receptors in two of ten patients with meningiomas: both were post- 
menopausal females. 

These sex hormone receptors may be important in cases of nonre- 
sectable, partially resected, or in malignant meningiomas, as some form 
of hormonal therapy may play a role in the management of these patients 
in the future. 



2 . 2 . 7.5 Chromosomal Patterns in Meningiomas 

The relationship between chromosomal abnormalities and meningiomas 
has interested many investigators. Robbins and Cotran (1979) states that 
most human cancers are aneuploid. Zang and Singer (1967) reported eight 
meningiomas cultured for 4-9 days. The karyotypes showed loss of a chro- 
mosome from the 22nd pair in the G group (monosomy G), suggesting a 
tendency for meningiomas to lose chromosomes during their karyotypic 
evolution. Benedict et al. (1970), in studying recurrent meningiomas and 
their incidence of malignancy, suggest that this karyotypic aberration may 
prove useful in the future prediction of malignancy (see Sect. 22.2.2). 



2.2.1. 6 Meningiomas in Children 

Meningiomas occur infrequently in children; they represent between 
1.1% (Taptas 1961) and 2.3% (Crous and Berg 1972) of all meningiomas 
and less than 2% of all intracranial tumors in children (Kepes 1982). 

Congenital meningiomas are even rarer, but a few cases have been re- 
ported (Kepes 1982). 

Childhood meningiomas have a number of special characteristics: 

1. Higher incidence of malignancy: a 33%-38% incidence of meningio- 
sarcomas has been reported by Crouse and Berg (1972), Russell and 
Rubinstein (1989) (Fig. 2.1, p. 158, 159) 

2. Relatively high incidence of intraventricular tumors 

3. High incidence of cyst formation within the tumor 

4. No sex predilection 

5. High incidence of association with the central form of neurofibro- 
matosis (NF 2) (Deen 1982) 

6. High incidence (39%) of tumor recurrence (Figs. 2.1, 2.21) (Deen et al. 
1982) 

7. Decreased 15-year survival (68%) (Deen et al. 1982) 

8. Relatively poor surgical results reported even in the presence of benign 
tumors (Kepes 1982) 
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2.2.1. 7 Familial Occurrence 

It has long been recognized that patients with neurofibromatosis, a hered- 
itary autosomal dominant condition, are susceptible to meningiomas that 
are often multiple. However, there have been reports of multiple occur- 
rences of meningiomas in families without stigmata of von Recklinghau- 
sen disease (Kepes 1982). In most cases, however, it is probably justified to 
assume the presence of neurofibromatosis with incomplete expression in 
these families. 



2.2. 1.8 Meningioma Incidence, Prevalence, and Mortality 

Benign meningiomas are not infrequently found incidentally at autopsy. 
The larger symptomatic tumors are usually removed during life and will 
therefore fail to show up in postmortem statistics. Choi et al. (1970), in 
their epidemiological study of central nervous system neoplasms, found 
that only 6.8% of patients dying from brain tumors had meningiomas. 



2.2. 1. 9 Etiology of Human Meningiomas 

It is probably accurate to say that the etiology of most naturally occurring 
meningiomas is as yet unknown. Nevertheless, there are some factors that 
may play a role in their occurrence: 

Genetic factors: As we have seen in the central form of neurofibromato- 
sis, there is a definite genetic factor. 

Trauma: Cushing and Eisenhardt (1938) introduced a theory 

linking head trauma and meningiomas, but this asso- 
ciation has not since been substantiated and is not felt 
to be valid. 

Radiation: There is definitely an increased incidence of menin- 

giomas in patients who have received either high-dose 
irradiation for other neoplasms (Kepes 1982) or low- 
dose radiation to the scalp for the treatment of tinea 
capitis (Modan et al. 1974). Furthermore, Soffer in 1983 
demonstrated that postirradiation meningiomas have 
distinctive characteristics. They typically occur at the 
site of maximal irradiation and demonstrate the follow- 
ing differences from spontaneous meningiomas: 

1 . More rapid growth and aggressive biological behavior 

2. Higher incidence of calvarial locations 

3. Higher proportion of multiplicity 

4. Higher recurrence rate 

5. Higher proportion of histological malignancy 

The time interval between radiation therapy and the clinical manifesta- 
tion of meningiomas has been reported to be from 5 to 25 years (Kepes 
1982). We have seen a mesenchymal chondrosarcoma of the petrous 
cavernous area in a young female 4 years after radiation therapy, which 
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Fig. 2.1A-E. A 16-year-old female patient with a recurrent malignant meningioma ► 
with extracranial extension into the subtemporal fossa and face. A Axial CT after 
intravenous administration of contrast material. Note the extension to the right sub- 
temporal and pterygoid region of a homogenously enhancing lesion. B Lateral sub- 
traction angiogram in late arterial phase demonstrates the marked tumor hypervas- 
cularity, its intracranial, epidural extension into the middle cranial fossa, parasellar, 
and cavernous area ( small arrows), as well as its downward and anterior extension to 
the face. C Lateral subtraction angiogram of the distal internal maxillary artery 
(arrow) shows the tumor hypervascularity to best advantage. Note the inhomoge- 
neous stain with some puddling but no arteriovenous shunting. Note flow reversal in 
the collateral circulation via the ascending palatine, buccal and infraorbital arteries 
(curved arrows). D Postembolization (polyvinyl alcohol preoperative) follow-up an- 
giogram of the ascending palatine artery (arrow) demonstrates filling of the ascend- 
ing palatine and buccal arteries (curved arrows) in an antegrade fashion. There is no 
opacification of the tumor. E Eight months later there was significant recurrence of 
the tumor. (Same patient as Fig. 2.21) 



rapidly increased its rate of growth (Fig. 2.2). This tumor was considered 
a nonresectable meningioma and was radiated without a tissue diagnosis, 
but the possibility of malignant transformation of a benign lesion must 
also be considered. 



2 . 2 . 1.10 Oncogenic Viruses 

Oncogenic viruses have been used with success to induce meningeal tu- 
mors in animals. However, there is no conclusive evidence that oncogenic 
viruses play a role in the induction of these tumors in humans (Kepes 
1982). 
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•4 Fig. 2.2A-H. A 23-year-old female patient, who in 1980 presented with a vascular 
tumor in the cavernous-petrous area and was treated with radiation therapy at that 
time. Proven mesenchymal chondrosarcoma (1984). A Lateral carotid angiogram 
from 1980 demonstrates narrowing of the internal carotid artery starting in its pre- 
cavernous segment ( arrowhead ) with some hypervascularity. B Lateral subtraction 
angiogram of the distal external carotid artery in 1980 demonstrates only minimal 
hypervascularity from the petrosal branch of the middle meningeal artery (arrow- 
head). C Four years later the patient was referred to us because of rapid increase in 
the size of the tumor. Lateral angiogram of the middle meningeal artery (arrow). 
Note the marked change in the tumor hypervascularity. D Lateral angiogram of the 
left internal carotid artery after a balloon (open arrowhead) has been detached dis- 
tal to the cavernous branches to protect the brain. Note the development of a malig- 
nant fistula between the petrous segment of the internal carotid artery and the tumor 
(arrowheads). This tumor fistula eroded both the petrous carotid and middle 
meningeal arteries, producing an unusual anastomosis. E Lateral film of the skull fol- 
lowing 95% ethanol infusion of the tumor bed after the distal internal carotid artery 
was protected by a detachable balloon (open arrow). A second balloon was placed 
more proximally to trap the carotid artery (arrow). Note the stagnant alcohol met- 
rizamide mixture in the tumor bed (small arrows). The middle meningeal (C), ac- 
cessory meningeal, and ascending pharyngeal supply was also treated with ethanol 
(not shown). F Contrast-enhanced CT prior to ethanol infusion shows tumor filling 
the temporal fossa, and suprasellar cistern and invading the petrous bone. G CT 1 week 
after ethanol treatment. Note the significant reduction in size of the infused area. 
H Follow-up CT 16 months later (contrast could not be given for technical reasons). 
The patient underwent partial resection of tumor which was mostly necrotic and re- 
mained stable. There has been subsequent calcification in most of the remaining tumor 



2.2.2 Pathology 



Table 2.1. Classification of me- 
ningiomas (Russell and Rubin- 
stein 1989) 



Syncytial 

Transitional 

Fibroblastic 

Angioblastic 

Malignant 



Meningiomas are characteristically well-circumscribed globular or lobu- 
lated tumors that are clearly demarcated from the brain. They are firm, 
tough, grayish, or pinkish gray and rather homogeneous. They may com- 
press adjacent structures, but do not infiltrate neural tissue, with the 
exception of the very rare sarcomatous type. Calcium, bone, or rarely car- 
tilage can be found in them. In general, necrosis is not present in menin- 
giomas, except in the rare malignant type, and spontaneous hemorrhage 
and cyst formation within the tumor are also unusual. Arachnoidal en- 
trapments may occur at the periphery of the tumor. Hyperostosis of the 
adjacent skull may be the presenting features; it represents extensive new 
bone formation which may or may not be associated with invasion of the 
marrow spaces by meningioma cells (Rubinstein 1972). 

The microscopic appearance is highly variable. The fundamental cell of 
origin, however, is the meningothelial arachnoid cell. 

The histological variants have been designated by the different struc- 
tural patterns. Two major classifications exist: that adapted by Russell and 
Rubinstein (1989) (Table 2.1) and a more comprehensive one proposed by 
the WHO (Kleihues et al. 1993) (Table 2.2). 

The various histological variants exemplify the multipotentiality of the 
arachnoid cell from which these are derived. 

Except for the rare atypical examples (the papillary type) and possibly 
the angioblastic type), no prognostic significance can be attached to these 
histological variants. A description of these variants is beyond the scope 
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Table 2.2. WHO classification of tumors of meningeal and related tissues (Kleihues 
et al. 1993) 



A. Meningioma 

1. Meningiothelioma (endotheliomatous, syncytial arachnotheliomatous) 

2. Fibrous (fibroblastic) 

3. Transitional (mixed) 

4. Psammomatous 

5. Angiomatous 

6. Hemangioblastic 

7. Hemangiopericytic 

8. Papillary 

9. Anaplastic (malignant) meningioma 

B. Meningeal sarcomas 

1. Fibrosarcoma 

2. Polymorphic cell sarcoma 

3. Primary meningeal sarcomatosis 

C. Xanthomatous tumors 

1. Fibroxamthoma 

2. Xanthosarcoma (malignant fibroxanthoma) 

D. Primary melanotic tumors 

1. Melanoma 

2. Meningeal melanomatosis 

E. Others 



of this text. With the possible exception of the angioblastic or heman- 
giopericytoma type (Fig. 2.3), the different histological patterns do not 
have distinguishing radiological or angiographic features. 



2.2.2. 1 Growth and Spread 

Meningiomas are characteristically benign. They are slow growing, cir- 
cumscribed, and do not invade the compressed brain, but may infiltrate or 
invade other supportive mesodermal tissues. They may invade the tissues 
on both sides, dural sinuses and their tributaries, the bone marrow, or 
when they extend outside of the cranial cavity, the pericranial muscula- 
ture, other tissues, including the skin, may be involved. Inferior frontal 
meningiomas invade the optic nerve sheath and infiltrate the extraocular 
muscles. 



2. 2.2.2 Malignant Meningioma 

The rare highly invasive meningioma may be considered to be sarcoma- 
tous (Fig. 2.1) and cannot always be differentiated from the primary 
meningeal sarcoma. This unusual tumor, although circumscribed and 
grossly similar to other meningiomas, may have atypical cytological fea- 
tures and in some patients gives rise to extracranial metastasis. In many 
cases, the future behavior of an individual tumor cannot be predicted by 
its histological appearance. As stated previously, cytogenetic studies may 
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Fig. 2.3A-D. A 42-year old-female patient presented with relatively rapid onset of 
severe headaches, papilledema, and a homonymous hemianopsia. Histologically pro- 
ven hemangiopericytoma. A Axial CT after intravenous administration of contrast 
material. Note the lobulated irregular tumor with a central area of decreased ab- 
sorption coefficient suggesting necrosis, and the peritumoral edema. B Angiogram 
of the left vertebral artery in frontal view, mid-arterial phase. Note the two branches 
of the posterior cerebral artery supplying a hypervascular tumor that demonstrates 
some puddling ( arrowheads ). C Late arterial phase of the left vertebral artery injec- 
tion in lateral projection showing the inhomogeneous tumor blush. D Lateral view of 
one of the two posterior cerebral branches supplying the tumor using microballoon 
catheter (arrow). The feeding vessels are not markedly hypertrophied and show the 
tumor puddling to best advantage ( arrowheads ). For management (see Fig. 2.24), ad- 
ditional dural supply from the left occipital artery was present (not shown) 
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prove useful in the future to distinguish those tumors that will behave 
aggressively (Thomas et al. 1981). At present, however, one must still rely 
on clinical and pathological criteria; malignancy is presumed in the pres- 
ence of a history of rapid recurrence rather then histological anaplasia 
and metastases. Mitotic figures are exceptional in typical meningiomas 
and if present in large number indicate aggressive growth. Although any 
histological variant may behave aggressively, the angioblastic and/or he- 
mangiopericytoma type is particularly likely to do so (Fig. 2.3). Papillary 
formation or transformation to a papillary form of meningioma has been 
recognized as a reliable sign of malignancy or malignant transformation 
(Kepes 1982) and carries a poor prognosis, with a high incidence of local 
recurrence and distal metastasis. 

In general, features suggestive but not specific for malignancy include 
necrosis, mitosis, increased cellularity, invasion of small blood vessels 
within the tumor, anaplasia, and cerebral invasion (Kepes 1982). 

The presence of distant metastasis is irrefutable evidence of malignan- 
cy, although patients with distal metastasis may live for years. 

Kepes (1982) tabulated 85 recorded cases and demonstrated metastasis 
within the neural axis to be even less common. Most metastatic tumors 
have histological hallmarks of malignancy, although a few of them appear 
histologically benign, both in the primary tumor and their metastasis. 
Three possible mechanisms of spread have been postulated: 

1. Seeding via the CSF. This is very rare and only 12 cases of such spread 
have been reported (Kepes 1982); nine had histological features of ma- 
lignancy, whereas three did not. Conceivably, surgical intervention 
could mobilize clusters of tumor cells and cause subarachnoid seeding. 
Eight of these 12 reported patients had previous surgery, but four did 
not. Six (50%) had additional extraneural implants. If one considers the 
thousands of surgical interventions for these tumors, the role of surgi- 
cal mobilization of tumor cells can hardly be considered important. 
Meningioma cells are generally not found in the cytological analysis of 
CSF of patients with meningiomas (Kepes 1982). 

2. Extraneural metastasis. There is a slight male predominance of 1.2:1, 
and although as a whole metastases are more frequently seen in adults; 
they proportionally are more common in children. The site of the pri- 
mary tumor is of limited significance, as is the history of previous sur- 
gery. However, invasion of the scalp by the primary tumor may facili- 
tate metastasis to cervical lymph nodes. Invasion of major dural sinus- 
es has a questionable role, as this phenomenon is so frequent in benign 
meningiomas. The most common sites for distal metastasis are the 
lungs, liver, lymph nodes, bone, pleura, kidney, pancreas, thyroid, me- 
diastinum, breast, urinary bladder, thymus, superior vena cava, heart, 
stomach, colon, skin, vulva, thigh, finger, ocular fundus, and adrenal 
gland. Most but not all patients who were reported with metastatic 
meningiomas also had local recurrence. 

3. Local recurrence. Although not classified as metastasis, local recur- 
rence is the most common presentation of malignant meningiomas 
and occurs far more frequently than distal metastasis. 
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Fig. 2.4. Angioblastic menin- 
gioma, sometimes called he- 
mangiopericytoma, in the pos- 
terior fossa with extension into 
the sigmoid sinus. Frontal 
selective angiogram of the oc- 
cipital artery (arrow). Late 
arterial phase. A well-circum- 
scribed highly vascular tumor 
is seen attached to the inferior 
border of the sigmoid sinus, 
with some tumor blush extend- 
ing into the sinus ( open curved 
arrow), confirmed at surgery. 
The patient was embolized 
with Gelfoam powder and the 
tumor was surgically removed 




2.2.23 Angioblastic Meningioma and/or Hemangiopericytoma 

Some controversy exists regarding the inclusion of the meningeal heman- 
giopericytoma in the meningioma group (Kepes 1982; Rubinstein 1972). 
All authors, however, concur that this group of meningeal tumors exhibits 
the most malignant behavior of the meningioma-like tumors. Jaaske- 
lainen (1985) reviewed their experience in 21 patients with hemangioper- 
icytomas. He found an incidence of 1.9% among his 936 meningiomas; a 
comparable figure of 1.6% was reported in Jellinger and Slowik’s series 
(1975), with a higher incidence in males (1.4:1) and a younger mean age 
of 38 years. In this series, 86% were supratentorial, and there was a higher 
incidence of occipital lesions. They were frequently attached to the sinus 
(Fig. 2.4) and bled profusely at operation. All 21 primary tumors were 
solitary, but two patients had multiple recurrences. The recurrence rate 
was 19% after the first operation and 43% after the second operation in 
Jaaskelainen’s series. An 80% recurrence rate was reported in 1975 by 
Jellinger. Operative mortality was as high as 24% due to uncontrollable 
bleeding. Distant metastases occurred in 14% of Jaaskelainen’s series and 
in up to 23% in Jellinger’s series. Radiotherapy, although not proven, is 
thought to be of some value. None of the three hemangiopericytomas 
reported by Hayword et al. (1983) had progesterone receptors; this is in 
contrast to the almost constant presence of these receptors in all other his- 
tological types of meningiomas. 

Marc et al. (1975) and Jaaskelainen (1985) reviewed the angiographic 
features of hemangiopericytomas and found a high incidence of dual sup- 
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ply from the meningeal and cortical arteries, a hypervascular network of 
small corkscrew tumor vessels, an intense persistent blush, and absence of 
early venous drainage (Fig. 2.3). This angiographic pattern is best appre- 
ciated by superselective angiography of both dural and pial vessels 
(Fig. 2.3), with numerous capillaries being responsible for the intense tu- 
mor stain and thin-walled channels that show up as corkscrew vessels. 

Preoperative irradiation is felt to be indicated primarily because the 
vascular supply from cortical vessels make these tumors unfavorable for 
embolization. It is possible to superselectively catheterize and embolize 
some of these cortical branches (Fig. 2.3). Embolization of hemangioper- 
icytomas would provide a major benefit, as the effect of radiation therapy 
on these tumors remains controversial. Yamakama et al. (1980) reported 
positive tumor response to radiation therapy; however, Enzinger and 
Smith (1976) felt that a significant number of these tumors do not respond. 
Jaaskelainen in 1985 reported that only one of three tumors responded to 
radiation therapy. Major disadvantages of preoperative radiation therapy 
include the risk of skin atrophy, which impairs wound healing, risk of sec- 
ondary induced neoplasms, and the length of time necessary before the 
effect on the local blood vessels occurs. 



2.2.2A Meningioangiomatosis 

This is a rare condition in which a portion of the cerebral cortex is dif- 
fusely involved with an ingrowth of both meningothelial cells and blood 
vessels, with a variable ratio of the two. These lesions do not behave in a 
malignant fashion, and they are probably more a hamartomatous than a 
true neoplastic lesion (Kepes 1982) and are frequently but not always as- 
sociated with the central form of neurofibromatosis (Rubinstein 1972). It 
presents in the second or third decade of life, frequently with focal epilep- 
sy, and may show cortical calcification on CT. The frontal and temporal 
gyri are most frequently involved. 



2.2.2.S Meningeal Meningiomatosis 

Meningeal meningiomatosis is a multifocal neoplastic disease that involves 
the leptomeninges diffusely without the presence of a mass (Fig. 2.5); it 
presents mainly in infants and children and clinically resembles the 
course of meningoencephalitis. It is frequently accompanied by small 
nodules of subarachnoid tumor at various sites along the cerebral spinal 
axis. Microscopically they may be indistinguishable from the polymor- 
phic type of intracranial sarcoma. 



2.2.3 Clinical Presentation 

Meningiomas, for the most part, are slow-growing neoplasms. Earle and 
Richany’s (1969) review of the Frazier-Grant collection showed the aver- 
age length of time between the onset of symptoms and the diagnosis of 
tumor to be 2.5 years. 
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Headaches, visual impairment, and focal seizures are the most com- 
mon complaints, in that order; seizures are usually the first symptom of 
meningiomas involving the convexity. 

Most of the clinical symptoms and signs in patients with meningiomas 
are caused by local effects of the tumor mass, except perhaps with “en 
plaque” meningiomas. There is always some pressure on the underlying 
tissues with resulting damage to the cortex or other parts of the brain. 

The tumor may be large enough or may grow rapidly enough to pro- 
duce increased intracranial pressure. Other effects include vascular occlu- 
sion, either venous or arterial, and hemorrhage or cyst formation in adja- 
cent tissue. Meningiomas may also affect more distant portions of the 
brain, e.g., incisural obstruction with resultant hydrocephalus. 

Some indirect effects may be due to local pressure on the pituitary 
gland or hypothalamus, with endocrine dysfunction (Korsgaard et al. 
1976) or diencephalic syndromes of emaciation in children (Campiche 
and Oberson 1972). 

Distant effects that are derived from the mere presence of the tumor or 
its chemical constituents may be seen. Mahaley et al. (1977) found some 
degree of immunological energy in 17 patients with meningiomas that 




Fig. 2.5A-D. Meningiomatosis. A Representative CT scan in coronal view, after in- 
travenous administration of contrast material, demonstrates marked thickening of 
the free margin of the tentorium (arrows), left cavernous area (arrowhead) as well as 
multiple areas of thickening and nodularity along the convexity dura (open arrow- 
head). There was involvement of the sinuses by tumor (asterisk). Biopsy of dural and 
tentorial surfaces demonstrated meningeal infiltration. B Lateral angiogram of the 
left vertebral artery in late venous phase demonstrates multiple collateral venous 
pathways with complete obliteration of the occipital portion of the superior sagittal 
sinus and confluent sinus by tumor invasion. C, D see p. 168 
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did not improve after removal of the tumor. In the same group of patients, 
lymphopenia and a decrease in humoral antibodies was also present. 
Mazzei et al. (1976) found tetany and hypocalcemia in one patient, which 
disappeared after removal of the tumor. The significance of these distant 
manifestations (Kepes 1982) is beyond the scope of this text. 

Significant symptoms related to the specific locations of these tumors 
may occur. We will therefore review the sites of presentation without 
reviewing the obvious symptoms that they will produce; however, in spe- 
cific sites important diagnostic features will be pointed out. 



2.23.1 Sites 

The most frequent site of intracranial meningiomas is the parasagittal 
region (Figs. 2.6, 2.7, 2.16), followed by the lateral cerebral convexity 
(Fig. 2.8). A significant number of tumors arise from the falx cerebri and 
these may extend laterally on both sides of the dura, or anteriorly into the 
orbit to form the so-called dumb-bell tumor (Fig. 2.9). Another frequent 
location is the sphenoid ridge (Fig. 2.10) and tuberculum sellae. Other 
sites include the olfactory groove, cerebellopontine angle, petrous ridge 
(Fig. 2.1 1) (this may be at the cavum of Meckel, which presents clinically 
with a fifth nerve dysfunction) or the peritorcular area. Less frequently 
seen are those on the lower surface of the tentorium cerebelli, the cerebel- 
lar convexity in the posterior fossa, and the foramen magnum (Fig. 2.12) 
and clivus (Fig. 2.13). 

With the exception of the malignant form and hemangiopericytoma, 
meningiomas more often involve the anterior half of the cranial cavity 
than the posterior half. 



Fig. 2.6. Parasagittal menin- 
gioma. Axial CT with bony 
window demonstrates a para- 
sagittal tumor ( arrows ) with 
bony hyperostosis that crosses 
the midline and extends into 
the extracranial soft tissues 
(arrowheads) 
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Fig. 2.7 A, B. Parasagittal meningioma in another patient. A Frontal angiogram of the 
left middle meningeal artery in late phase shows a right parasagittal tumor. Note the 
tumor blush on the right side as well as a dense tumor blush in the superior sagittal 
sinus ( open arrowhead). B Lateral angiogram demonstrating occlusion of the pari- 
etal portion of the superior sagittal sinus ( open curved arrows) with collateral venous 
bridges (arrows). To properly document sinus occlusion, filling of both carotid arteries 
is necessary, either by high-volume angiography or manual compression. In addition, 
collateral bridging veins to explain cerebral venous drainage have to be documented 




Fig. 2.8A, B. Legend see p. 171 
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< Fig. 2.8A-E. Convexity meningioma. A Contrast-enhanced axial CT demonstrates a 
relatively well-circumscribed homogeneously enhancing hyperdense lesion (+) as- 
sociated with minimal irregularity in its most anterior medial portion and a moder- 
ate amount of surrounding edema. Note the significant shift of midline structures. 
B Lateral angiogram of the middle meningeal injection, late phase. The tumor was 
exclusively supplied by the middle meningeal artery. Note the homogeneous tumor 
blush similar to the CT findings. Note a dural venous structure draining the tumor 
( curved arrow) and filling the sigmoid sinus ( open curved arrow). C Lateral an- 
giogram after embolization with Gelfoam powder; 95% of the tumor blush has dis- 
appeared. Note a small area of stasis ( open arrowhead). D Plain film of the skull in 
lateral view shows the stagnant Gelfoam powder and contrast-material mixture cast- 
ing the embolized tumor (compare to B). E see p. 172 
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Fig. 2.8 ( continued ). E CT scan 
12 h after embolization. Note 
the intratumoral lucencies and 
decrease in midline shift. At 
surgery, a completely avascular 
necrotic, well-circumscribed 
tumor was found 




Fig. 2.9. Dumb-bell orbital tu- 
mor. Axial CT at the level of the 
orbits demonstrates a well- 
circumscribed homogenously 
enhancing mass, which is pri- 
marily in the orbit with exten- 
sion into the middle cranial 
fossa in a “dumb-bell” shape 
( small arrows). Supply to this 
tumor location is usually oph- 
thalmic in its intraorbital part, 
but the middle meningeal 
artery may reach part of the 
intracranial extension 



In all locations, the tumor tends to be related to a major dural venous 
sinus (Figs. 2.4— 2.7). Those arising in the convexity abut the sagittal sinus 
in about 50% of cases (Figs. 2.6, 2.7, 2.16). 

En plaque meningiomas are a special group with some specific charac- 
teristics. They have a marked predilection for females, even more so than 
other meningiomas. They usually provoke hyperostosis of neighboring 
bony structures. For the most part, they do not compress the adjacent brain 
or produce increased intracranial pressure (Fig. 2.14). When present in the 
pterional region or when the sphenoid bone is involved (Fig. 2. 10), they of- 
ten present with exophthalmos. Cranial hyperostosis is caused by a diffuse 
process that does not spare the midline structures (Fig. 2.6) if it develops 
near the sagittal plane. This is an important sign in the differential diagno- 
sis with hyperostosis frontalis interna, which does not cross the midline. 
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Fig. 2.10A-D. Sphenoid region meningioma with marked hyperostosis and narrow- 
ing of the superior orbital fissure with exophthalmos and ophthalmoplegia. A Axial 
CT with bony windows demonstrates the encroachment of the fissure by marked 
hyperostosis of bone (O). Significant intracranial extension was seen in the con- 
ventional axial CT with soft tissue window (not shown). B Lateral angiogram of the 
internal carotid artery in mid-arterial phase. Note the significant narrowing of the 
supraclinoid carotid artery ( arrowheads ). Tumor blush could be seen anterior, pos- 
terior, medial, and lateral to the carotid artery. An important consideration is to dif- 
ferentiate compression from encasement. C Late phase of the common carotid injec- 
tion demonstrating the homogeneous tumor stain lasting far into the venous phase 
without arteriovenous shunting. D Lateral angiogram of the middle meningeal artery 
{arrow). Note the different compartment opacified by the middle meningeal artery. 
The most anterior medial portion was supplied by the inferior lateral trunk and eth- 
moidal arteries as shown in B 
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◄ Fig. 2.11A, B (above). Petrous meningioma. A Lateral angiogram of the middle 
meningeal artery. Note the filing of the internal carotid artery via the inferior lateral 
trunk (curved arrow) and filling of the petrosal branch of the middle meningeal ar- 
tery supplying the tumor (arrow). This represents a danger for microembolization 
unless flow control to induce reversal of flow in the inferior lateral trunk can be ac- 
complished. B Lateral angiogram after microparticle embolization under flow con- 
trol by gentle hand injection, with microparticles larger than the anastomosis. Note 
complete devascularization of the tumor (asterisk) 



◄ Fig. 2.12A-C (below). Foramen magnum meningioma, MRI scan. A Tl-weighted 
image demonstrating a well-circumscribed extra-axial mass with a broad basal at- 
tachment on the anterior dural surface. Note in the Tl-weighted image the multiple 
areas of void signal (black), which represent hypervascularity. B Frontal angiogram 
of the right ascending pharyngeal artery (arrow) demonstrates the main supply to 
the tumor. C Control left ascending pharyngeal injection (arrow) in frontal view, 
demonstrates tumor supply from the left ascending pharyngeal artery. Refilling of 
the contralateral ascending pharyngeal artery via the clival arcade demonstrates the 
point of occlusion following embolization of the right ascending pharyngeal artery 
(arrowhead). The left ascending pharyngeal artery was also embolized with mi- 
croparticles. (Polyvinyl alcohol, 250 pm, low concentration) 




Fig. 2.13. Clival meningioma, MRI scan on T2-weighted image demonstrates poste- 
rior displacement of the brain stem by extra-axial mass effect, produced by a clival 
meningioma. Note the similar signal given in the Tl-weighted image by meningioma 
and normal brain. This may make tumors in the convexity more difficult to detect 
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◄ Fig. 2.14A-C. En plaque meningioma of the left parietal region in a 36-year-old man 
who presented with seizures. A Frontal angiogram in late arterial phase of the left 
middle meningeal artery. The en plaque meningioma is seen following the convexi- 
ty of the brain but without compression. There are transbony emissary veins (arrow), 
diploic ( open arrowhead ), dural ( small arrows), and cortical (open curved arrow) ve- 
nous drainage. B Lateral angiogram of the same patient. Note the dural-to-cortical 
venous anastomosis (small curved arrow) draining into a cortical vein (curved open 
arrows). The diploic venous lake (open arrowhead) is well visualized. Embolization 
will not be successful in stopping the venous bleeding from this diploic drainage. 
C Frontal skull radiogram of the same patient following glue embolization. Note the 
excellent cast of the en plaque tumor (open curved arrow). The outer table is not in- 
volved (compare with A). Facial nerve palsy occurred following embolization and re- 
solved in 3 months 



Meningiomas may also occur without dural attachment (pial forms) in 
the depth of major fissures (such as the sylvian fissure). Intraventricular 
meningiomas arise either from the tela choroidea or from the stroma of 
the choroid plexus. Although they may occur in any ventricle, there is a 
distinct preference for the lateral ventricle in general, and the left lateral 
ventricle in particular. Intraventricular meningiomas are more frequent 
in children. 



2.23.2 Epidural Meningiomas 

By far, most cranial meningiomas develop deep to the dura mater, with or 
without attachment to the membrane. Some can grow right through it. 
Much less frequently, the main bulk of the tumor is in the epidural space, 
and therefore in the bone itself (Fig. 2.15). These may grow through the 
bone and into the soft tissues of the scalp. These epidural tumors are 
frequently associated with hyperostosis and may be palpable on exami- 
nation. In some cases, a purely intraosseous tumor may be found without 
involvement of the dura, the so-called primary intraosseous meningioma. 
These may or may not involve the diploic space (Kepes 1982). 



2.2.33 Meningiomas of the Orbit 

Reese (1976) found meningiomas to account for 3% of expanding lesions 
of the orbit. There is a higher incidence in younger people, especially 
young white females below 20 years of age (25%; Karp et al. 1974); 16% of 
these patients have the central form of neurofibromatosis. 

Meningiomas present in the orbit by three mechanisms. The most fre- 
quent type invades the orbit as an extension from an intracranial tumor, 
usually but not exclusively from the middle cranial fossa through the 
optic foramen and superior orbital fissure. 

Meningiomas also originate from the anterior portion of the optic 
nerve sheath. They may develop in the optic foramen region and form a 
dumb-bell-shaped tumor with intracranial extension (Fig. 2.9). Finally, 
rarely the tumor may arise from ectopic arachnoid nests in the orbital 
tissues. 
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Fig. 2.15A, B. Epidural meningioma. A CT scan with bony windows demonstrates 
splaying of the outer and inner table. B Frontal angiogram in late phase of the left 
middle meningeal artery demonstrates the diploic (long arrow) and epidural (curved 
arrow) tumor 



Ocular signs may be related to impingement on the optic canal and 
obstruction of the superior orbital fissure. En plaque meningiomas (or tu- 
mor invasion; Fig. 2.10) of the pterion can cause exophthalmos secondary 
to tumor growth or hyperostosis and may endanger vision. Optic nerve 
sheath meningiomas usually lead to severe optic atrophy (Karp et al. 
1974). Additional ocular circulatory problems may be caused by the 
shunting effect of ectatic opticociliary veins that develop in patients with 
orbital meningiomas (Zakka et al. 1979). Rarely, the tumor will penetrate 
the globe and invade the choroid and the retina (Henderson and Camp- 
bell 1977). Tumors near the optic canal cause prechiasmal optic nerve 
compression with slowly progressive loss of vision characterized by near 
normal acuity, but poor color perception, and Marcus Gunn pupils, but 
with a normal appearance of the disc. This is important in the differential 
diagnosis with optic nerve gliomas. 



2.2.3 A Meningiomas Involving the Cavernous Sinus 

These tumors, in view of their difficult location for surgical removal, have 
a relatively high incidence of oculomotor palsies and recurrences. On 
occasion, a good embolization alone may provide relief of cranial nerve 
dysfunction. 
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2.23.5 Meningiomas in Other Unusual Sites 

This group of tumors is considered separately in view of its relative infre- 
quency, and its clinical importance to surgeons and radiologists who may 
be involved in the diagnosis and treatment. 

1. Meningiomas can originate from extracranial and extraspinal arachnoid 
cells in or near the foramina that serve as exit points for cranial nerves. 

2. Most meningiomas arising in the parapharyngeal region are related to 
cranial nerves, particularly the sixth nerve. Additionally the ninth, 
tenth, 11th, and 12th cranial nerves may be the site of origin. Those 
arising from the base of the skull usually occur in association with 
spinal nerves (Harkins and Reed 1969) or sympathetic nerve roots 
(Wilson et al. 1979). 

3. Truly ectopic meningiomas without obvious connection to foramina or 
nerves can occur at remote sites. These originate from embryonic rests 
of arachnoid. They may arise from the outer table of the skull, particu- 
larly the frontal or temporal bone. In the orbit they are seen without in- 
volvement of the optic nerve (Lloyd 1982). 

The most frequent location for ectopic meningiomas is the paranasal si- 
nus and nasal-oral cavity (Geoffrey et al. 1984; see Chap. 3). 

Ectopic meningiomas have been reported at multiple sites (Farr et al. 
1973), including those reviewed and also in the parathyroid glands, ear, 
mediastinum, and skin (Kepes 1982). 

In 1974, Lopez et al. reported 25 cases of cutaneous meningiomas; he 
divided them into three types. 

1. Those in the scalp, face, and paravertebral skin. These are most fre- 
quently seen in children and are usually benign. 

2. Those in the skin near the sensory organs. 

3. Meningiomas originating intracranially or intraspinally may reach the 
skin by growing through the bone or through a bony defect; these have 
the poorest prognosis (Figs. 2.1, 2.2). 



2.23.6 Intracranial Vascular Involvement 

Infarcts or hemorrhage may be included in the differential diagnosis of 
meningiomas, and may actually be the presenting symptom of these 
tumors (Moore 1954). Massive hemorrhage as a complication of a menin- 
gioma has been reported by Skultety (1968), but this is rare. When menin- 
giomas do cause hemorrhage, it may be intracerebral, subdural, sub- 
arachnoid, or intratumoral (Modesti et al. 1976). The majority of reported 
hemorrhagic complications in meningiomas have been found in tumors 
that are highly vascular at histology. 

The subdural hematomas seen with meningiomas may be caused by 
growth of tumor into the subdural space, producing rupture of bridging 
veins or by direct hemorrhage from the tumor into the subdural space. 

Meningiomas involving the choroid plexus of the lateral ventricle may 
present with subarachnoid hemorrhage, which can also be seen with tu- 
mors outside the ventricular system (Kepes 1982). 
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Fig. 2.16A, B. Functional compression of the superior sagittal sinus in a parasagittal 
meningioma. A Frontal angiogram of the right middle meningeal artery. The catheter 
is at the level of the foramen spinosum. Note the well-circumscribed tumor (arrows). 
The superior sagittal sinus is pushed medially ( curved arrow) but is not invaded 
(compare with Fig. 2.7). B Frontal angiogram of the left middle meningeal artery af- 
ter right-sided embolization. The meningeal artery shows the wall of the sinus, with 
a characteristic triangle configuration and is shown compressed, but free of tumor 
(arrowheads). Note the filling of the same capsular artery as in A (arrows), but no tu- 
mor visualization, confirming the ability of Gelfoam powder microparticles to enter 
the tumor angioarchitecture. Furthermore, proximal larger particle embolization of 
the right middle meningeal artery would not have devascularized the tumor. Closure 
of this left middle meningeal artery is also advisable in preparation for surgery to 
avoid the need of opening the left side and maximize the effect of devascularization 



Intratumoral hemorrhage may be present as an acute and even fatal 
episode due to rapid enlargement of the tumor mass (Helle and Conley 
1980). Venous occlusions occur more frequently, usually in the presence of 
meningiomas that arise near a major sinus occluded either by extrinsic 
pressure (Fig. 2.16) or actual tumor invasion. If this occurs slowly (as is 
usually the case) it will be tolerated, due to the development of bridging 
or collateral pathways of drainage (Fig. 2.7). Rapid occlusion of a major 
sinus may cause a venous infarction. 

Another complication of venous occlusion is increased intracranial 
pressure and papilledema. 

Arterial occlusion is less frequent, but may occur secondary to tumor 
encasement of an artery (Fig. 2.10). 
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2.23.7 Peritumoral Edema in Meningiomas 

The presence of cerebral edema in association with meningiomas is well 
known, and its cause has been a topic of great interest to many investiga- 
tors. Multiple theories have been proposed (Tamiya et al. 2001); however, 
none has been conclusive. Therefore, we will only describe the pertinent 
and practical aspects of this phenomenon. The edema of meningiomas is 
of vasogenic origin (Klatzo 1967). Stevens, in 1983, analyzed the literature 
and his own experience with peritumoral edema in meningiomas, based 
on CT scans in 160 patients (Stevens et al. 1983). Edema was present in 
46% of cases; it occurred most frequently in the centrum semiovale and 
the deep white matter around the ventricular trigone and frontal horns, 
reflecting the size of the interstitial spaces adjacent to the tumor. Edema 
usually resolved within 3 months after surgery, except in very large le- 
sions. Atrophy in the underlying cortex was related to tumor size and not 
the edema. Increased edema after surgery could nearly always be ascribed 
to a definable complication. He found a statistically significant positive 
correlation between edema production and tumors of large surface area, 
tumors that were flat and lobulated, tumors that spread across the mid- 
line, those located in the anterior parasagittal region, those involving the 
sinus, and those with a short clinical history. Significant negative correla- 
tions were found with small tumors, presence of Ca ++ , and relatively low 
vascularity. Although the exact cause of the edema is still unclear, he be- 
lieved hydromechanical factors to be predominant. 



2.2.4 Pretherapeutic Evaluation 

At present, CT scanning and magnetic resonance imaging (MRI) are the 
best imaging studies for diagnosis and the proper localization of a sus- 
pected meningioma. 



2.2.4. 1 CT Scanning in Meningiomas 

This topic has been well reviewed by various authors. A brief review of the 
CT findings is pertinent. 

On the noncontrast scans, the lesions are hyperdense compared to 
brain in over 55% of cases, isodense in 20%, hypodense in about 10%, and 
calcified in approximately 14%. Surrounding edema is noted in 46% and 
associated cyst-like spaces are seen in about 20% of cases (Stevens 1983). 

Following intravenous administration of contrast material, the lesions 
usually show well-circumscribed borders and marked enhancement as 
compared to normal brain; this enhancement measures in the range of 
25-40 HU. Tumor enhancement is homogeneous in over 85% of cases 
(Figs. 2.8, 2.9). Russell found that 14% of lesions had atypical features such 
as areas of lucency, which seemed to correlate with more aggressive be- 
havior (Fig. 2.3). Tumor necrosis is also unusual and is suggestive of ag- 
gressive behavior. 
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Meningiomas are found near dural surfaces, usually with their broad- 
est margins abutting it (Figs. 2.3, 2.6). Signs of an extra-axial origin can 
usually be detected, including buckling of the white matter, which is very 
useful in evaluating large lesions. 

Bony window imaging is necessary to detect hyperostosis (Figs. 2.6, 
2.10) and/or bone expansion, which is suggestive of marrow involvement 
or frank destruction (Fig. 2.15). Soft tissue windows are useful to detect 
extracranial or extraorbital (Fig. 2.9) extension of the tumor, including 
subtemporal and zygomatic fossa involvement. En plaque meningiomas 
or epidural tumors are best seen with the higher windows. 

Although CT is excellent in determining the site of origin and/or at- 
tachment of most tumors, this may be impossible to determine for very 
large lesions. In these cases superselective angiographic studies may pro- 
vide this information. Sinus invasions and/or thrombosis can often be 
predicted from CT, although it is best documented by vascular studies 
(Figs. 2.7, 2.16). 

Additional pertinent information such as mass effect, ventricular size, 
presence of additional tumors, areas of intratumoral hemorrhage, or 
the presence of associated lesions such as extra-axial or intra-axial col- 
lections (subdural, intracerebral, or subarachnoid hemorrhage) can be 
assessed. 

Although CT findings in meningiomas are usually characteristic, in 
some rare exophytic intra-axial tumors, the diagnosis is not obvious, and 
for these, superselective vascular studies usually resolve the diagnostic 
dilemma. 



2.2 .4.2 MR! Scanning 

Meningiomas have a homogeneous appearance with a signal similar to 
brain on Tl-weighted images (Fig. 2.13) and therefore sometimes can be 
indistinct from normal parenchyma, especially if no edema is present. 
MRI scans can detect vascularity within the tumor, which will appear on 
T2-weighted images (Fig. 2.17) as focal areas of signal void due to the flow 
phenomena. Calcifications within the meningioma may mimic these flow 
voids. The relationship of the meningioma to the major cerebral arteries 
and veins is best examined using MRI with the contrast enhancement 
technique (Farb et al. 2002) and should be performed to assess patency of 
the dural sinuses. In addition, MRI is of greater value in detecting menin- 
giomas along the skull base [cavernous area, clivus (Fig. 2.13), foramen 
magnum (Fig. 2.12), etc.], where CT is less useful due to its inherent in- 
ability to differentiate bony structures from tumor. The so-called dural 
tail sign was initially believed to be characteristic for the presence of 
meningioma, but was subsequently noted to be a rather nonspecific find- 
ing of enhancement along the dura, caused by a multitude of pathologies. 

The ability of MRI to demonstrate the marrow spaces of the skull may 
make it possible to differentiate between diploic involvement by tumor 
and reactive hyperostosis. 





Fig.2.17A,B. True pial supply versus compressed parenchyma. A Lateral subtraction 
angiogram of the right internal carotid artery demonstrates pial supply to a hyper- 
vascular parietal convexity meningioma. The middle cerebral pial supply corresponds 
to the more central portion of the tumor. The dural supply from middle meningeal 
artery (MMA) (not shown) corresponds to the areas of lucency in the most peri- 
pheral portion ( curved arrow). B Lateral angiogram in late venous phase in another 
patient demonstrates a smooth homogeneous capsular blush, which represents com- 
pressed parenchyma. No pial supply was confirmed at surgery. Note that there is 
occlusion of the superior sagittal sinus; therefore part of the blush may represent 
some outflow congestion in the compressed parenchyma 
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Table 2.3. Information provided by angiography of meningiomas 



1. Arterial supply (dural and/or pial) 

Tumor vascularity 

Site of tumor attachment 
Differential diagnosis 

2. Arterial displacement and relationships 

3. Arterial encasement 

4. Collateral circulation to the brain 

5. Venous displacements 

6. Cortical venous arrangement 

(congenital disposition or collateral venous circulation) 

7. Status and patency of major sinuses 

8. Possibility of endovascular embolization 



2.2 A3 Angiographic Investigation 

The contributions of the angiographic investigation of meningiomas are 
listed in Table 2.3. 

With the availability of CT and MRI scans, the tumor location is usually 
known prior to the angiographic investigation; therefore, one can plan the 
angiographic protocol accordingly. 

Meningiomas arise from arachnoid villi in the meninges; therefore, 
they receive their main supply from dural branches and initially are fed 
exclusively by the meningeal arteries. However, as they enlarge they can 
acquire additional supply from pial vessels (Fig. 2.17). The involvement of 
cerebral arteries, however, does not necessarily mean that the brain has 
been invaded. In cases with a dual supply, the center and dural base of the 
tumor (site of attachment) are supplied by meningeal arteries, whereas 
the peripheral portion of the tumor is supplied by cerebral arteries. There- 
fore, there may be limitations to what can safely be embolized (Figs. 2.3, 
2.24). It is important to differentiate true pial supply from the smooth 
homogeneous blush of compressed parenchyma (Figs. 2.17, 2.18). 

Intraventricular meningiomas are supplied by choroidal arteries, most 
frequently from the carotid and/or posterior cerebral circulation and for 
the most part they are not amenable to embolization; the main thrust of 
angiography is to suggest the diagnosis of a curable lesion. 

The resectability of a given tumor, as predicted from CT and MRI, will 
determine the need and extent of the subsequent therapeutic angiogra- 
phy. The angiographic evaluation may reveal features that predict a diffi- 
cult surgical resection. For example, evidence of carotid or other cerebral 
artery encasement (Fig. 2.10) maybe an indication for extracerebral-in- 
tracerebral (EC-IC) bypass prior to tumor resection. Tumor supply from 
the cerebral arteries (Figs. 2.3C, 2.17) will require close consultation be- 
tween the surgeon and the interventional neuroradiologist to modify the 
aggressiveness during embolization (Figs. 2.3, 2.24). 

As previously alluded to (Table 2.3), proper assessment of venous 
anatomy and patency is of utmost importance in the planning of surgery 
for meningiomas that are at or near a major sinus. The venous drainage of 
the tumor correlated with the drainage of the normal cerebral circulation 
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Fig. 2.18A, B. Tumor drainage towards the sigmoid sinus. A Frontal subtraction an- 
giogram of the left middle meningeal artery demonstrates a hypervascular menin- 
gioma draining towards the left sigmoid sinus and compressing the transverse sinus. 
B Frontal angiogram of the left vertebral artery, venous phase. Note the lack of opaci- 
fication of the left transverse sinus which is compressed, but not invaded by tumor. 
The filling defect in the proximal sigmoid sinus (open curved arrowhead) represents 
the diluted blood draining the tumor ( curved arrow in A). There is good opacifica- 
tion of the right transverse-sigmoid sinuses (curved arrow). Collateral venous circu- 
lation in the left cerebellar hemisphere is noted with primary drainage towards the 
superior petrosal vein (arrowhead). Compare venous drainage of tumor towards the 
sinus with invasion of the sinus by tumor (Figs. 2.4, 2.7) 



must be assessed to determine the effects of sinus resection and ensure 
the safety of complete tumor removal. 

In our experience, drainage through cortical veins (Fig. 2.14) has been 
associated with tumors that infiltrate adjacent brain without a cleavage 
plane. Drainage through diploic (Fig. 2.15) or superficial veins may indi- 
cate bone or soft tissue involvement. Supply from the superficial temporal 
artery may indicate extension to extracranial soft tissues or bone or may 
be present via transosseous anastomoses with intracranial tumor without 
extracranial or bony involvement (Fig. 2.19). In this situation, significant 
osseous bleeding may be expected at the time of surgery. 

The assessment of resectability in a given case will depend on the skills 
and experience of an individual surgeon or team. 
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Fig. 2.19A-D. Transosseous superficial temporal supply to an intracranial menin- 
gioma. A Frontal and B lateral angiogram of the right superficial temporal artery (ar- 
rowhead), supplying a frontal convexity meningioma via transosseous anastomosis 
(Arrows). The bone is not involved. C Frontal and D lateral postembolization an- 
giograms demonstrating the ability of flow-directed diluted microparticles to reach 
exclusively the abnormal vessels by preferential flow, sparing normal tissue to pre- 
vent unwanted skin problems following surgical excision. The transosseous anasto- 
mosis has been blocked ( arrowheads ). Note the excellent preservation of microanas- 
tomosis filling the contralateral superficial temporal artery ( curved arrow) and the 
collateral circulation towards the posterior auricular artery ( open curved arrow in D) 
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Table 2.4. Other bony tumors with invasion and/or supply from dural or scalp arteries 



Cerebral tumors 


Glioblastoma 


Melanoma 




(intra-axial) 


Astrocytoma 
Oligodendroglioma 
Optic glioma 


Chondrosarcoma 






Oflactory neuroblastoma 


Fibrosarcoma 






Medulloblastoma 
Metastatic carcinoma 


Plasmacytoma 






Retinoblastoma 
Cranial nerve schwannoma 


Metastatic 


Carcinoid 




Melanoma 




Kidney 




Pituitary adenoma 




Thyroid 




Ependymoma 




Adrenal carcinoma 




Hemangioblastoma 




Multiple myeloma 




Pinealoma 




Prostatic 


Neuroinoma 




Bony dysplasias 


Fibrodysplasia 

Paget’s 


Esthesioneuroblastoma 




Squamous cell carcinoma 




Rhabdomyosarcoma 




Giant cell tumor 




Primary neurogenic 


Neurilemmoma 






tumors 


Ganglioneuroma 

Ganglioblastoma 


Hemangioendothelioma 






Neuroblastoma 


Chordoma 






Malignant schwannoma 
Neurofibrosarcoma 






Osteoblastoma 

Osteosarcoma 

Osteochondroma 









2.2.4.4 Differential Diagnosis 

The differential diagnosis of meningiomas varies according to the loca- 
tion. Table 2.4 lists other tumors that may receive dural supply and there- 
fore could be confused with meningiomas. Usually the CT appearance or 
multiplicity of lesions (Fig. 2.20) will suggest the diagnosis. 

In the parasellar region, the most important consideration to exclude is 
a vascular lesion such as a giant carotid aneurysm. 



2.2.5 Therapeutic Strategy and Clinical Objectives 

Most meningiomas are benign and curable tumors, so that every effort 
must be made to properly diagnose and treat them. The best available cure 
is offered by total surgical excision, and the surgical neuroradiologist may 
contribute towards this goal. There is some controversy as to the value of 
preoperative embolization of meningiomas over the convexity, or those in 
which the blood supply can be easily reached during surgery. The value of 
preoperative embolization in these situations is difficult to assess and will 
depend on the philosophy of the surgeon and his or her operative tech- 
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Fig. 2.20A, B. Metastatic hypernephroma. A Coronal CT with window level demon- 
strates the pathological irregular expansion of the diploic space ( arrowheads ) with 
marked bone destruction and with soft tissue and intracranial extension. This 
appearance is more characteristic of an aggressive malignant lesion such as metas- 
tasis. B Coned-down view of a lateral angiogram demonstrates the marked tumor 
hypervascularity as well as a secondary metastasis (arrow). This metastasis was 
treated by superselective ethanol infusion for palliation with good and lasting relief 
of pain 



nique. Although it is true that ligation of the meningeal arteries as they 
enter the tumor would permit adequate hemostasis and proper tumor 
excision, some additional advantages are derived from preoperative mi- 
croembolization in hypervascular convexity tumors. More recently there 
has been a general consensus that depending on the location of the tumor 
and the anticipated arterial supply, embolization is a useful and safe 
method that enhances the surgical ability to remove such neoplasms 
(Macpherson 1991; Nelson et al. 1994; Oka et al. 1998; Gruber et al. 2000a). 

1. Microemboli can enter the tumor angioarchitecture and devascularize 
the lesion, irrespective of collateral circulation (Figs. 2.1, 2.8, 2.17, 2.20). 

2. Bilateral dural devascularization is easy to accomplish and will obviate 
the need for exposure of the contralateral side during resection of 
tumors involving the falx or parasagittal region (Fig. 2.16). 

3. Tumor necrosis will occur with a decrease in mass effect, giving more 
latitude during surgical manipulation (Fig. 2.8) (Tymianski et al. 1994). 

4. Even in hypervascular tumors, devascularization will allow the surgeon 
to amputate the tumor in a dry field and remove it from the inside out 
with minimal brain retraction. 

5. The operative time is shortened. 

In tumors involving the base of the skull, preoperative embolization is 
most effective in blocking the supply from surgically inaccessible feeding 
arteries. Obvious care must be taken while embolizing skull base lesions, 
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to avoid dangerous anastomoses and the supply to the transcranial nerves 
(Fig. 2.11). 

During the pretherapeutic evaluation and the planning of the angio- 
graphic and therapeutic strategy for a given meningioma, one must con- 
sider the tumor extension beyond the intracranial cavity (subtemporal, 
facial extension, cavernous sinus, etc.), as it will require further angio- 
graphic delineation and may be an indication for a more aggressive 
endovascular treatment. Likewise, meningiomas presenting in patients 
below the age of 20, if recurrent or if frankly malignant, should proba- 
bly be treated more aggressively, in view of their poorer prognosis (see 
Sect. 2.2.1.6). 



2 . 2.6 Technical Aspects of Embolization 

Preo perati ve embolization of meningiomas is an easy procedure, and in 
our practice it is performed at the same session as the angiographic ex- 
amination. In most cases, embolization is limited to the external carotid 
branches supplying the tumor. Midline lesions require bilateral assess- 
ment of dural supply (Fig. 2.16). 

The goal of the endovascular approach will therefore be the same as in 
presurgical devascularization for other lesions: 

1. To reach the tumor capillary bed (Fig. 2.8) 

2. To preserve arteries to the regional normal tissues, thereby facilitating 

healing in the postoperative period 

At angiography, meningiomas demonstrate variable enlargement of the 
dural arteries with a radial or sunburst pattern of tumor vessels. Although 
a tumor capillary barrier does exist and no fistulization is present, early 
filling veins are seen in approximately 40% of cases with superselective in- 
jections, usually related to the tumor hyper vascularity. The tumor vascu- 
larity may vary from one histological type to another, with the highest 
vascularity seen in the angioblastic type of meningioma, and in the he- 
mangiopericytoma variant (Figs. 2.3, 2.4). For the most part, the angio- 
graphic pattern is nonspecific, but can be suggestive of a more or less 
aggressive lesion based on the degree of vascularity, the irregularity of 
the tumor vessels, intensity of the blush, and presence or absence of 
pathological venous lakes (Fig. 2.3). On the other hand, there is some con- 
troversy regarding the correlation between tumor vascularity as seen in 
conventional angiography and that found at surgery. We believe that a lot 
of this depends on the type of angiography, i.e., global versus superselec- 
tive studies. 

Our technique consists of superselective catheterization of meningeal 
arteries followed by an angiographic study to look for dangerous anasto- 
moses between the dural arteries of the internal maxillary system and 
the inferolateral trunk, ophthalmic, and pial arteries. The contribution of 
the petrosal branch of the middle meningeal artery in the supply to the 
seventh cranial nerve is an important consideration, especially if liquid 
emboli are to be used. 
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In our experience, when particle emboli above 140 pm in size are used, 
facial nerve palsies may occur but are almost always transient, usually 
lasting only hours and seldom more than 2 days. 

Presurgical embolization of meningiomas, we believe, should be done 
with the smallest possible particles, which will then enter the tumor 
bed. Wakhloo et al. (1993) demonstrated that the efficacy of embolization 
with 50-150-pm size polyvinyl alcohol (PVA) was better than the 150- to 
300-pm size, as shown on MRI by improved size reduction and increased 
tumor necrosis. 

If in the preliminary superselective study or during the course of the 
embolization a large anastomosis in seen, one would change the particle 
size to one larger than the anastomosis. As discussed in Chap. 14 of this 
volume, particle embolization and flow control filling of an anastomosis 
is a function of various factors: 

1. Presence or absence of the anastomosis 

2. Size of the anastomosis 

3. Pressure of injection (Fig. 2.10) 

Therefore the main focus of attention should be the catheter tip position 
(level, wedging) and flow (washout). Even if no anastomosis has been pre- 
viously documented, if there is no significant washout it is advisable to 
stop the microparticle embolization, as undetected anastomosis may 
open. It is also advisable to close the proximal middle meningeal artery 
with larger particles (or Gelfoam) at the end of the embolization, to re- 
duce bleeding during the operative approach. 

We have also used the aid of temporary balloon occlusion of the inter- 
nal carotid artery to assist in delivering small particles to branches of the 
internal carotid artery, which were the main supply to a skull base menin- 
gioma but were insufficient in size to allow for superselective catheteriza- 
tion with excellent outcome (Tymianski et al. 1994). 

When embolizing cutaneous branches of the scalp such as the superfi- 
cial temporal artery, microparticles are used. In the majority of cases, the 
catheter tip is at a distance from the target and one should then use pref- 
erential flow to carry the particles distally. No attempt should be made to 
force the emboli, as they may occlude normal scalp vessels and impair 
postoperative healing. The main trunk is left open, in contrast to middle 
meningeal artery embolization (Fig. 2.19). 



Fig. 2.21A-H. A 39-year-old female patient presented with new onset seizures, and ► 
MRI (not shown) demonstrated high convexity left-sided meningioma. Presurgical 
embolization was preformed and superselective catheterization of the anterior divi- 
sion of middle meningeal demonstrated characteristic tumor blush (A). Emboliza- 
tion with liquid embolic material (Onyx) was performed and penetrated the tumor 
bed with reflux upstream into posterior dural supply (arrow) (B). Residual dural 
supply from posterior division of the middle meningeal artery (C) was also em- 
bolized with Onyx (D). Pre-embolization internal carotid angiograms, early (E) and 
late venous phase (F) demonstrated slight tumor blush (arrows), indicating pial sup- 
ply to the meningioma. Following embolization of the external carotid supply to the 
tumor with liquid embolic material, the internal carotid angiogram in lateral view, 
early (G) and late venous phase (H) no longer demonstrated evidence of the tumor 
blush (arrows) 
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In the occipital artery, two main points of caution must be considered: 

1. Anastomosis with the vertebral artery at the Cl and C2 levels 

2. Avoidance of microparticles to normal cutaneous territories 

In the ascending pharyngeal territory, one must be careful with the col- 
lateral circulation to the vertebral system at the third cervical level or in- 
ternal carotid artery at its C5 portion, as well as take into consideration 
the supply to the ninth, tenth, 1 1th, and 12th cranial nerves. 

Factors that limit what can be accomplished in presurgical devascular- 
ization relate to the internal carotid (C4-C5), ophthalmic, and/or cerebral 
arteries supplying these tumors. In general, these arteries are not em- 
bolized in benign, de novo lesions and should only be considered in spe- 
cial situations (see Sect. 2.22.2). 

While we favor the use of small particles as the embolic material of 
choice for presurgical embolization of meningiomas, the role of newer 
liquid embolic materials is currently being explored (Fig. 2.21). 



2.2.7 Special Considerations in Meningioma Embolization 

2.2.7. 7 Extracranial Tumor Extension 

Extracranial tumors, as discussed previously, usually occur in young pa- 
tients and have a more aggressive behavior; therefore, if de novo, em- 
bolization with 40- to 140-pm particles of either PVA or Gelfoam powder 
is suggested. The main feeding pedicle is then closed with a strip of 
Gelfoam. In the case of tumor recurrence, which in our experience is not 
unusual (Fig. 2. 1 ), or if the histological diagnosis is reported as malignant, 
we still have an avenue for infusion embolization with ethanol (Fig. 2.2) 
and/or a chemotherapeutic protocol, which, although experimental, may 
offer the only alternative after repeated attempted resections and/or ra- 
diotherapy have failed (Fig. 2.22). 



2.2.72 Recurrent Meningiomas 

This group of patients may present specific problems: 

1. Altered vascular anatomy 

2. Pial recruitment of dural or cutaneous vessels, which will supply nor- 
mal brain and/or tumor 

3. More aggressive type of tumor 

4. Pure pial blood supply, not accessible to embolization 

The most important aspect to be recognized is the participation of dural 
or scalp vessels in the supply of normal brain, which carries important 
consequences for subsequent embolization and surgery. 
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Fig. 2.22A-C. Same patient as Fig. 2.1. Recurrent meningiosarcoma: Chemothera- 
peutic infusion (cisplatinum, 60 mg/mm 2 ) superselectively in the internal maxillary 
artery, ascending palatine and main trunk of the external carotid artery was per- 
formed in that order and divided into proportional doses. The superficial temporal 
and occipital arteries were blocked proximally with a strip of Gelfoam prior to infu- 
sion to prevent alopecia. A Lateral digital subtraction angiogram (DSA) of the com- 
mon carotid artery at the time of the second course of treatment, 6 weeks later. The 
superselectively injected vessels and distal external carotid artery have thrombosed. 
B DSA of the ipsilateral (right) internal carotid artery at the same time as B, demon- 
strates no evidence of tumor reconstitution via the mandibular (arrow), or inferior 
lateral trunk ( arrowhead ) branches, which did supply the tumor previously (not 
shown). The contralateral (left) sphenopalatine artery was the only minor contribu- 
tor to the tumor. C Axial contrast-enhanced CT scan at this time showed nonhomo- 
geneous enhancement, suggesting tumor necrosis. The only significant enhancement 
probably represents the supply from opposite (left) sphenopalatine artery. The pa- 
tient has since received two additional courses of intravenous chemotherapy with 
complete arrest of tumor growth 
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Fig. 2.23A-E. A 29-year-old man with a massive recurrent aggressive esthesioneu- ► 
roblastoma treated with 95% ethanol infusion. A Representative contrast CT demon- 
strates the massive enhancing tumor, which is now compromising the left optic 
nerve. B Lateral angiogram (DSA) of the right internal carotid artery demonstrates a 
large hypervascular tumor that shows irregular vessels with puddling. The angio- 
graphic appearance is more that of a hemangiopericytoma or malignant type of 
lesion. The main vascular contribution is seen to come from the ophthalmic artery; 
additional supply also comes from cavernous (white arrow) and mandibular branch- 
es ( curved black arrow). Similar supply arose from multiple branches of the internal 
maxillary and ascending pharyngeal arteries (not shown). C Superselective oph- 
thalmic catheterization using a calibrated leak microballoon catheter ( curved arrow). 

D Immediate postinfusion carotid angiogram. The ophthalmic infusion had to be 
stopped due to significant slowing in flow, to prevent reflux. There is a substantial de- 
crease in the vascularity as compared with A; the cavernous and mandibular supply 
is grossly unchanged. E Significant improvement occurred in the intervening 
4 weeks. Lateral DSA I month later prior to any new infusion demonstrates a re- 
markable decrease in the abnormal vascularity and caliber of the ophthalmic artery. 
Note the significant decrease in the supply in the cavernous portion with a lesser de- 
crease in the mandibular one. These two territories were reached via the maxillary 
and pharyngeal systems. The patient underwent surgical excision with plastic recon- 
struction. His visual loss has improved on the left side and he remains stable 
18 months later 



2.2.73 Internal Carotid Supply to Recurrent or Malignant Meningiomas 
After Radiation Therapy Has Failed 

In these aggressive lesions, the surgical neuroradiologist may be the last 
alternative, and therefore, the goal is different from preoperative devascu- 
larization. The need to sacrifice an internal carotid artery (ICA) (Fig. 2.2) 
and/or an ophthalmic artery (Fig. 2.23) must be considered seriously and 
an assessment of the circle of Willis is therefore indicated. Once this has 
been done, a balloon is placed distal to the tumor, to protect the brain 
circulation either permanently (Fig. 2.2) or temporarily (Jungreis 1991; 
Tymianski et al. 1994) so as to use microparticles of the smallest size 
available, 95% ethanol, or chemotherapeutic agents. 



2.2.7. 4 Pial Supply 

Consideration of embolization of pial supply should be reserved for cases 
where the preliminary study is highly suggestive of the malignant (he- 
mangiopericytic) type of tumor or the hypervascularity of pial origin is 
such that surgical excision is an obvious hazard with significant morbid- 
ity and mortality. Although not always successful, as the pathological 
vessels are not as hypertrophied as those supplying arteriovenous mal- 
formations, it can be of significant assistance to the surgeon and to the 
patient (Figs. 2.3, 2.24) (Kaji et al. 1999). 



2.2.7. 5 Pre- and Postembolization Medical Management 

It is recommended that patients with intracranial lesions be placed on 
corticosteroids and anticonvulsant medications. 
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Fig. 2.24A, B. Superselective embolization of pial vessels in a hemangiopericytoma. 
Same patient as in Fig. 2.3. A Frontal view of the radiopaque glue cast obtained after 
embolization of the two main posterior cerebral feeders to the tumor (compare with 
Fig. 2.3B). B Frontal angiogram of the left vertebral artery after embolization. The ar- 
rowheads point to the subtracted cast. Note the marked reduction in vascularity 
(compare to Fig. 2.3B) 



2.2.7. 6 Time of Operation 

It has been our practice to wait at least 24-48 h before proceeding to sur- 
gery, as further thrombosis of the embolized territory occurs during this 
time. CTs done within 12 h after embolization show lucencies within the 
tumor bed or even a decrease in mass effect (Fig. 2.8). MRI has also proven 
to be a valuable method to assess the efficacy of embolization, enabling 
assessment of tumor size and necrosis (Grand et al. 1993; Tymianski et al. 
1994). Kai et al. (2002) demonstrated greatest tumor softening occurred 
7-9 days after embolization, and after 10 days no further softening oc- 
curred. They recommended an optimal time for surgery of 7-9 days after 
embolization. On the other hand, we believe that waiting more than 
10 days maybe disadvantageous, as some recanalization and/or collateral 
circulation may occur. 

It is most unusual to have an increase in mass effect and/or aggravation 
of neurological symptoms from swelling or intratumoral hemorrhage. 



2.2.7. 7 Complications of Embolization 

Many complications reported in the literature are related to poor tech- 
nique, primarily reflux, or they represent a disregard of the EC-IC anas- 
tomoses, and should for the most part be avoidable. In our own experi- 
ence in more than 500 patients embolized for meningiomas, we have had 
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Table 2.5. Complications of embolization of meningiomas (Berenstein’s experience 
in 185 patients) 





Permanent 


Transitory 


Mortality 


Cerebral 


1 (0.5%) 


- 




Ophthalmic 


2(1.08%) 


- 




Cranial nerves 


— 


5 (VII nerve) 
2.7% 


0 


Total 


3 (1.6%) 


5 (2.7%) 


0 



two permanent meningeal-to-ophthalmic embolizations with permanent 
blindness but not stroke, both at the beginning of our experience. One 
patient experienced right hemiparesis and aphasia 4 h after we occluded 
the internal carotid artery for a recurrent angioblastic meningioma. 

In retrospect, the ipsilateral middle cerebral artery was significantly 
compromised by the tumor, and a prophylactic EC-IC bypass was proba- 
bly indicated prior to carotid occlusion. Five transient seventh nerve 
palsies occurred and lasted less than 48 h in all except one patient in 
whom it lasted 3 months. This patient was treated with glue (Fig. 2.14), 
whereas the remaining four were treated with PVA and/or Gelfoam pow- 
der (Table 2.5). 

More recently, we have seen extravasation of contrast material towards 
the subarachnoid space occurring in the immediate postembolization fol- 
low-up angiogram in one patient (Fig. 2.25). The patient developed im- 
mediate focal seizures that progressed to focal status within 10 min, was 
treated with immediate intubation, intravenously administered barbitu- 
rates, corticosteroids, the episode was controlled, and the patient operat- 
ed on 3 days later without sequelae. Although extravasation is unusual, it 
can occur in head and neck embolization, primarily with tumors such as 
paragangliomas. It is generally related to overembolization and is usually 
of no consequence. In patients with intracranial lesions, extravasation ob- 
viously may be more significant (Kallmes et al. 1997). 

When performing postembolization angiograms through the embo- 
lized vessel, one should take into consideration the degree of flow re- 
maining, especially if the catheter is wedged in the vessel, and diminish 
the injection pressure accordingly. Follow-up angiograms through the 
collateral circulation, however, are done with high-volume high-pressure 
injections. 

Trismus is a relatively infrequent and transitory complaint. It is usually 
seen when normal branches of internal maxillary artery have been oc- 
cluded and was more prevalent in our early experience; it has been report- 
ed by others (Manelfe et al. 1975). With superselective middle meningeal 
artery catheterization and occlusion of only abnormal arteries, trismus is 
usually avoided. In 1975, Manelfe et al. also reported two instances of 
symptomatic middle cerebral arterial embolization: both were felt to be 
due to reflux of embolic material. Other reported complications stem 
from technical mistakes of excessive embolization or a lack of attention to 
extracerebral-intracerebral anastomosis. Current knowledge of the vas- 
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Fig. 2.25A, B. Extravasation of contrast material during follow-up angiography after 
embolization. A Frontal angiogram late phase. Note, the extravasated contrast materi- 
al following the sulcal pattern ( open curved arrows). The patient developed immediate 
focal seizures, which rapidly progressed to focal status epilepticus, despite intra- 
venously administered Diazepam. Immediate intubation and deep barbiturate and 
intravenously administered Dilantin controlled the seizures. B CT confirmed the ex- 
travasation but no edema or increased mass effect. On the third day moderate edema 
was noted and surgical excision was opted for. The tumor was completely avascular 
and necrotic and was very easily removed without sequelae 



cular anatomy and availability of microcatheter technique have resulted 
in very low risk associated with embolization of meningiomas (Gruber et 
al. 2000b). 



2.3 Other Bony and Dural Tumors 

A variety of tumors may arise or invade the bony calvaria or meninges 
and therefore pick up meningeal supply from the adjacent vessels 
(Table 2.4). 



2.3.1 Cerebral Tumors 

Primary cerebral tumors may penetrate the pial barrier and invade the 
meninges and these may appear to be of dural pial origin. They can pro- 
duce a desmoplastic reaction of meningeal fibroblasts that may resemble 
a tumor of the meninges. Invasion of the meninges is probably more re- 
lated to the proximity of the tumor to the meninges than to histology, as 
it occurs with a variety of different tumors (Table 2.4). Dural supply of a 
hemangioblastoma without previous surgery rarely occurs. Hemangio- 
blastomas may, in rare circumstances, also involve the optic nerves 
(Ginzburg et al. 1992), and, depending on the origin of the ophthalmic ar- 
tery, supply to these structures may be dural based. 
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2.3.2 Neurinomas 

Neurinomas are extra-axial tumors that are hypervascular in 68% of cas- 
es, and they receive meningeal supply in up to 35% of cases, as reported by 
Moscow and Newman (1975). Theron and Lasjaunias (1976) reported 
partial or complete supply by meningeal branches of the external carotid 
artery in each of six patients with acoustic neurinomas, demonstrated by 
superselective angiography and routine injection of the ascending pha- 
ryngeal artery. 

The angioarchitecture of these tumors may be indistinguishable from 
meningiomas or even some intra-axial malignancies. However, some 
neurinomas have a distinctive vascular pattern that includes the presence 
of capsular vessels, an inhomogeneous blush characterized by interspersed 
areas of hypervascularity and nonvascularity with puddling of contrast 
material and persistence of the blush into the late venous phase. The feed- 
ing arteries are usually normal or only moderately enlarged. An early fill- 
ing vein may occasionally be seen. 

The embolization goals and principles are similar in these tumors to 
those described for meningiomas. 



2.3.3 Esthesioneuroblastomas 

Esthesioneuroblastomas are rare neurogenic tumors of the olfactory re- 
gion (Bataskis 1979). They originate from the basal cell layer of the olfac- 
tory epithelium in the upper third of the nasal septum (superior and 
supreme nasal turbinates of the nasal cavity and cribriform plate) as well 
as the lateral nasal wall. There is a slight male predominance; two-thirds 
of the patients are between 10 and 34 years of age, but these tumors may 
be present from the first to the eighth decades of life. 

The symptoms are those of any slow growing intranasal neoplasm. 

They are locally invasive and will grow into the base of the skull, pro- 
ducing headaches, diplopia, proptosis, signs and symptoms of a frontal, 
extra-axial mass, or they may grow as a mass in the malar region. The neo- 
plasms that originate from the olfactory mucosa are composed of nerve 
cells, either neurocytes or neuroblasts. Intracranial extension, as well as 
systemic metastases, will invariably recur following inadequate local or 
block excision. Local recurrences occur in nearly 50% of patients; distal 
metastases have been reported in 20%, most frequently to lymph nodes 
and lung. Both the tumors and the metastasis are moderately responsive 
to radiation therapy, with a 52% 5-year survival. 

We have studied six such tumors by angiography; five were hypervas- 
cular with a very fine small-vessel pattern, a persistent tumor blush, and 
no early filling veins. One recurrent massive tumor showed some pud- 
dling, similar to that seen in hemangiopericytomas (Fig. 2.23). The goals, 
principles, and precautions of embolization are as described for other tu- 
mors. We have treated these recurrent tumors according to our protocol 
for recurrent and/or malignant meningiomas using ethanol (Figs. 2.2, 
2.23) with promising results. 
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Other tumors that can involve the calvaria and/or the dura with exter- 
nal carotid supply are listed in Table 2.4. For the most part, we are called 
upon to assist in the management of those in which a biopsy and/or pre- 
vious intervention has demonstrated a highly vascular lesion. 

Our present philosophy in cases of malignant hypervascular tumors is 
aggressive devascularization, usually with liquid agents such as ethanol 
and glue or superselective infusion of chemotherapeutic agents (Fig. 2.22). 
The goal of such embolization is to stop local growth, relieve pain or 
bleeding, and permit excision if possible, as cure of malignant tumors re- 
mains an ongoing challenge. 
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3.1 Juvenile Angiofibromas 



Juvenile angiofibromas (JAFs) are benign vascular tumors that usually 
develop in the nasopharynx in young males around the time of puberty. 



3.1.1 Macroscopic Pathology 

The juvenile angiofibroma is a benign nonencapsulated fibrovascular mass 
lesion. It usually originates from the superolateral aspect of the choana, 
but may also arise more medially, near the vomer, from the pharyngeal 
roof where it involves the body of the sphenoid bone, or from the adjacent 
pterygoid plates. The tumor has a base that is attached to these osseous 
structures, but it does not invade the bone tissue itself. It extends sub- 
mucosally into the adjacent open spaces and passages and for that reason 
often has a lobulated shape. Typically, the JAF is reddish-gray or red- 
purple and has a firm rubbery consistency. Patterns of extension are 
illustrated in Figs. 3.1 and 3.2 and correspond to the local invasion of the 
tumor. 
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Fig. 3.1. Nasopharyngeal 
tumor: patterns of invasive 
extracranial extension. 1, Nasal; 
2, sinusal (maxillary); 3, maxil- 
lomalar and facial below the 
inferior orbital fissure; 4, infra- 
temporal; 5, pharyngeal and 
parapharyngeal ( double arrow); 
6, retropharyngeal below 
skull base (arrow); 7, carotid. 
ETM, eustachian tube mea- 
tus; RF, Rosenmiiller fossa; 

Cr, coronoid process; 

Cd, condyle process; NS, nasal 
septum; M, maxillary bone; 

MS, maxillary sinus 



Table 3.1. Patterns of extension of juvenile angiofibromas (JAF) 



JAF extension 


Waldman 1981 
10 Cases 


Wilson 1969 
16 Cases 


Hollman 1965 
(Not mentioned) 


Nasal fossa 


100% 


100% 


100% 


Sphenoid sinus 


70% 


61% 


68% 


Pterygopalatine 


70% 


89% 


93% 


and infratemporal 








areas 








Ethmoidal cells 


40% 


35% 


25% 


Maxillary sinus 


30% 


43% 


62% 


Intracranial 


0% 


0% 


37% 



The most frequent extensions are listed in Table 3.1. Considering all the 
bony landmarks and barriers in the deep maxillofacial region and adja- 
cent skull base, it is of interest to note that JAFs do not usually invade the 
bony structure, but successively displace, thin, erode, and finally destroy 
them. These characteristics are seen best on computed tomography (CT) 
axial or coronal images with bone windows at the level of the nasal sep- 
tum and pterygoid plates (Fig. 3.4). 

Usually, the lesions extend in continuity; multifocal tumors have never 
been reported. Intracranial extension is infrequent (Table 3.1) and is usu- 
ally encountered in older patients. Tumors with intracranial extension are 
generally the most advanced, either large at the time of diagnosis or re- 
current. Intracranial invasion is usually extradural, involving the para- 
sellar (extra- or intracavernous) or the intrasellar area. Subarachnoid 
spread may occur, but is seen only with recurrence. Likewise intraorbital 
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Fig. 3.2. Nasopharyngeal 
tumor, pattern of invasion: 
intracranial and orbital 
extensions 




Fig. 3.3. A 16-year-old male pa- 
tient with a recurrent juvenile 
angiofibroma following surgery 
without prior embolization. 
Note the left exophthalmos and 
mass effect at the left nasal fold 




invasion most often remains extracapsular and extraconal for a long time 
(Figs. 3.1-3.3). 

Paranasal sinus invasion occurs frequently but must be differentiated 
from serous or purulent sinusitis related to occlusion of the sinus ostia by 
tumor in the ipsilateral nasal fossa. 
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Although the tumor initially arises from one of the areas mentioned 
above, with a topographically predictable vascular pedicle, it recruits ad- 
ditional blood supply as it extends locally. The recruitment of new vascu- 
lar supply is probably related to production of an angiogenic factor (Brem 
1976); similar activity has been noted with other tumors and has been 
studied at angiography. It is thought to express the local invasiveness of 
some types of juvenile angiofibroma (Schiff 1959). 



3.1.2 Microscopic Pathology 

The lesion is nonencapsulated and consists of fibrovascular stroma. The 
fibrous cells correspond to a type of fibroblast (myofibroblast) that pro- 
duces collagen and elastin fibers and can transform into a smooth muscle 
cell; it can therefore be impossible to differentiate the stromal fibroblasts 
from the cells of a vascular wall. The proportion and type of fibrous tissue 
is variable and is probably not related to the age of the patient. It may 
range from an almost myxomatous fibromatosis to an erectile-like tissue 
(Batsakis 1979). The vascular components, although also variable, are typ- 
ically of two different types: 

1 . Thin-walled vascular spaces, which form endothelialized cavities with- 
out muscular layers in their walls. 

2. A true arteriocapillary tree with normal muscular layers and some 
subintimal cushions in the vessel walls. Electron microscopy has not yet 
completely classified the function of the stroma. However, it has con- 
firmed the origin of the smooth-muscle cells of the vascular walls to be 
from the fibroblasts of the stroma. 

Various authors have tried to show a correlation between the spectrum of 
histopathological findings and the variable clinical presentations. For ex- 
ample, the highly vascular tumors theoretically are more invasive and 
present with hemorrhage, while those that are clinically silent are more 
likely to have a high proportion of fibrous tissue (Batsakis 1979). 

Osborn and Friedman in 1959 and 1976, respectively, suggested that re- 
peated hemorrhages within the tumor could stimulate the formation of 
granulation tissue and a fibrous reaction. This would account for some 
cases of so-called spontaneous regression and provide a rationale for tu- 
mors seen after adolescence, which tend to have a slower rate of growth, a 
higher proportion of fibrous tissue, and less tendency to bleed (Maurice 
and Milad 1981). The relationship between these evolutive forms and the 
sex hormones will be discussed with physiopathology. Complete sponta- 
neous regression of these tumors should not be expected and treatment 
should not be delayed. 

JAFs do not have malignant potential, but can manifest highly aggres- 
sive behavior. Several authors have reported cases of sarcomatous trans- 
formation, most of them following radiation therapy. In 1969, Hormia de- 
scribed regional lymph node invasion. We agree with Batsakis’s statement 
that “this complication of angiofibroma must be considered negligible.” 
The full potential of a given lesion is difficult to assess using histochemi- 
cal methods. At the base of the skull, JAFs have local invasive potential, 
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similar to paragangliomas and most meningiomas. In 1973, Girgis and 
Rahny suggested that JAFs might arise from nonchromaffin paragan- 
glionic cells located at the level of the distal internal maxillary artery. In 
our series, in 1980, we reported a 16-year-old male patient with a very ag- 
gressive JAF and a permanent decrease in the urinary levels of 17 ketos- 
teroids and 17 hydroxysteroids, without modification of the secondary 
sexual characteristics. While the behavior of the lesion may have been re- 
lated to the abnormal sex hormone levels in this unusual case, it is, in gen- 
eral, impossible to confirm such a relationship. For the time being, there 
is still no biological test or definitive angiographic pattern that allows us 
to predict the real aggressiveness of a given tumor. 



3.1.3 Epidemiology 

The term “juvenile angiofibroma” has been applied because the tumor 
typically develops in young males at puberty. In our series, the age ranged 
from 8 to 23 years, with a peak at 14-17 years, identical to the figures re- 
ported by Neel et al. (1973) and Batsakis (1979). 

However, the term “juvenile” is not always appropriate, as up to 20% of 
the tumors are diagnosed after the age of 20 (Fu and Perzin 1974). JAFs 
have been reported in 49- and 52-year-old men (Goncalves and Briant 
1978; Hiranandani et al. 1967, respectively). In every reported series, 
almost all patients are male, but JAFs occurring in females have been de- 
scribed (Osborn and Sokolovski 1965; Fitzpatrick and Rider 1973; Lasjau- 
nias et al. 1980; Ewing and Shively 1981). In fact, Albrecht (1959), who 
accumulated 452 published cases from the literature, reported that 6% of 
JAFs occurred in females. Although some of these patients may have had 
angiomatous polyps, most appear to have had true angiofibromas. Apos- 
tol and Frazel (1965) have recommended chromosome analysis in all fe- 
males in whom JAF is diagnosed. 

Hora and Brown (1962) found that JAFs represented 0.5% of the head 
and neck tumors diagnosed in 6,000 admissions before 1962. Out of 256 
nonepithelial tumors of the nasal and paranasal cavities, Fu, in 1974, di- 
agnosed 38 (15%) JAFs. We found no obvious geographic predominance 
in our series, although Batsakis mentioned a higher incidence in Egypt, 
India, Southeast Asia, and Kenya as compared to the United States and 
Europe. Tapia Acuna (1965), in Mexico, who saw 279 cases in 22 years and 
diagnosed 15 new cases in the first 3 months of 1970, suggested the pres- 
ence of an unidentified epidemiological factor. Angiofibromas remote 
from the nasopharynx seem to occur in a slightly older age group with 
a higher percentage of females. Most of the tumors occurring late or in 
females are thought to be more fibrous, leading to the diagnosis of either 
silent evolutive forms or angiomatous polyps. This differentiation does 
not in general seem to interfere with the practical management of these 
lesions but they should be considered as separate entities (Ali and Jones 
1982). 
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3.1.4 Pathophysiology 

Certain unusual characteristics of JAFs have stimulated a great deal of 
discussion in the literature. Several aspects must be considered: 

- The relationship between JAF and sex hormones 

- The physiology of the nasal fossa mucosa with regard to sex hormone 
levels 

- The effect of sex hormones on the vascular system 

- A global hypothesis for the development of this tumor 



3. 1.4. 1 Juvenile Angiofibromas and Sex Hormones 

Johns et al. (1980) discussed the relationship between the behavior of 
tumor and sex hormones. Their results can be summarized as follows: 

1. Reduction in size is observed after exogenous estrogen therapy (di- 
ethylstilbestrol 15 mg per day for 1 month). 

2. Increase in size occurs following testosterone treatment. 

3. The results of biological testing of the pituitary-gonadal axis are nor- 
mal. 

Specific receptors for testosterone, but not for estrogen, have been demon- 
strated (Johns et al. 1980). Following diethylstilbestrol therapy, histologi- 
cal examination has shown partial thrombosis of the vessels as well as sig- 
nificant wall thickening due to an increase in the quantity of elastic and 
collagen fibers (Batsakis 1979). No changes seem to occur at the level of 
the endothelial cells, which are known to possess specific estrogen recep- 
tors. Walike and Mackay (1970) also reported the stimulation of fibrosis, 
leading to regression of the angiofibroma after diethylstilbestrol treat- 
ment. Finally, it should be noted that JAFs treated with exogenous hor- 
mones react in the same way as cultures of healthy tissue. Therefore, the 
tumor vessels could be considered to have a normal hormonal response. 



3. 1.4.2 Physiology and the Nasal Mucosa 

The effects of sex hormone levels or cycles on the nasal mucosa are well 
known (Melon 1974; Toppazada et al. 1981, 1982). There are interesting 
similarities in the histological appearances of the nasal mucosa, the geni- 
tal erectile tissue, and vascular spaces of the JAF. However, most of the 
data concerning hormonal changes in the nasal fossa have been obtained 
from pregnant and nonpregnant females (Toppazada et al. 1981, 1982), 
and little work has been devoted to the nasal mucosal responses in males. 

It is felt that when nose bleeds precede menses, they are not related to 
estrogen levels (which are low during that period), but rather to a sub- 
stance called menotoxin, which is released as the estrogen level decreases. 
This substance shares many properties with prostaglandins of the E group, 
especially the inhibition of fibrinogen formation, which contributes to 
menstrual bleeding. 
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Table 3.2. Effects of sex hormones on the normal vascular wall (from Cox 1978; 
Drouet 1980; Schiff 1959; Johns et al. 1980; Lasjaunias 1980) 



Endrogenous estrogens 

I 

Endothelial cells 
effects 



Catabolism of fibers 
(compliance) 



Reduction of smooth muscle 
Cells (thinner) 



Androgens 

I 

No endothelial cell 



t 

Anabolism of fibers 
(rigidity) 



Increase of smooth muscle 
Cells (thicker) 



A 

Protein synthesis 



3. 1.4.3 Hormones and the Vascular System 

The action of hormones on the vascular system is complex and some- 
times nonspecific. The following information is taken from the Cox and 
Fisher’s (1978) and Drouet’s (1980) research (Table 3.2). 

Endogenous estrogens act in a specific manner at the endothelial cell 
level via specific receptors. They stimulate the synthesis of protein, par- 
ticularly of prostaglandin (PG 12 ), an inhibitor of platelet aggregation. 
Their action on the smooth-muscle cells is nonspecific and affects their 
multiplication; estrogens reduce the number of smooth muscle cells in the 
wall and thus its thickness. Their action on collagen results in a reduction 
of fiber in the arterial wall, which in turn results in a more compliant and 
elastic wall. 

Androgens and testosterone appear to have opposite effects compared 
to those of endogenous estrogens, particularly on collagen synthesis: 
testosterone increases the number of collagen fibers in the vascular wall. 
Exogenous estrogens and progesterone also have effects opposite those of 
endogenous estrogens: they increase the fiber content of the arterial wall 
but in addition increase the number of smooth-muscle cells, producing a 
hypertrophic pattern. Finally, they act at the level of the endothelial cells 
to increase their number and reduce synthesis of proteins, particularly the 
prostacyclins. 



3. 1.4.4 Global Hypothesis for the Development of Juvenile Angiofibromas 

In 1948, Martin stated that development of JAFs could be related to a de- 
ficiency in androgens with an overactivity of estrogens. Schiff (1959) 
proposed that the tumor growth was related to the vascular component 
while the connective tissue content corresponded to the activity of the 
sex-hormone-sensitive tissue, following a disturbance of pituitary activi- 
ty (Table 3.3). In fact, most apparently contradictory explanations are not 
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Table 3.3. Pathophysiological hypothesis for juvenile angiofibroma (JAF) development 



Puberty or similar Pregnancy (?) (?) 

period of hormonal 
imbalance 



Testosterone 3 _ 
Androgens -♦ 



(Menotoxin) 

hyperactivity 



Disturbance of the 
male-female sex 
hormonal equilibrium 



Relative or absolute 
local estrogen 




\ / 




+ 



Ectopic 

nasopharyngeal 
erectile tissue 



+ 





Tumor development Vessel wall fragility 

1 

Hemorrhages 
Granulation tissue 



t t 

Juvenile angiofibroma 



Systemic hormone levels may be inferior to usual normal values, but local levels 
may be high to produce adverse effect (i.e., proximity of the venous system of the 
pituitary gland to the nasopharynx?). 



mutually exclusive, since they focus either on the vascular aspect of the le- 
sion or on its fibrous component. Johns et al. (1980) introduced the notion 
of target cells, located in the nasopharynx and dormant before puberty. 
These testosterone-sensitive cells would become activated with the matu- 
ration of the pituitary-gonadal axis at puberty. In 1981, based on patho- 
logical studies of JAF tumors and penile cavernous tissue, Maurice found 
enough similarities to support the concept that ectopic genital erectile tis- 
sue in the choanal region indicated the same target cells. He postulated 
that the muscularized vascular channels were the remnant of the original 
erectile tissue, which gave rise to the tumor, while the thin-walled nonva- 
scularized spaces resulted from the formation of granulation tissue 
around hemorrhages. Therefore, one can suggest that simultaneously, 
testosterone stimulation and estrogenic hypersensitivity (direct or via 
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Fig. 3.4. A 14-year-old boy presented with bilateral nasal obstruction with gyneco- 
mastia (A) and epistaxis for 4 months. CT axial (B) and coronal (C) images demon- 
strate a typical enhancing right nasopharyngeal mass, extending into the sphenoid 
sinus ( solid arrow) and the soft palate, displacing the septum towards the opposite 
side. The pterygopalatine fossa is free of tumor ( open curved arrow) and no intra- 
cranial extension is seen. Note the nonneoplastic reaction in both maxillary sinuses 
( open arrows). The arterial supply arose exclusively from the external carotid system 
(not shown) 



menotoxin) could stimulate this erectile genital nasopharyngeal tissue 
and, following estrogen-induced bleeding, transformed its original pure 
erectile aspect into a combination of erectile and granulation fibrous tis- 
sue. It is impossible to know whether this dual hyperactivity is simultane- 
ous or whether a primary phenomenon induces the other. However, it 
seems to provide a satisfactory explanation for most of the hormonal ef- 
fects observed, provided we recall that exogenous estrogens have vascular 
effects antagonistic to endogenous estrogens. In practice, most of the cas- 
es reported have not been studied in enough detail to support this patho- 
physiological hypothesis. Kumagami (1993) showed that in all five cases of 
JAF, progesterone and estradiol levels were positive, and in three out of 
five cases, dihydrotestosterone was positive. 
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Three of our cases were also peculiar and emphasize the dual hormon- 
al background in which some cases of JAF are diagnosed: 

1 . In one woman, JAF was discovered during the last trimester of her sec- 
ond pregnancy. 

2. A young man had exceptionally aggressive JAF, with a permanent de- 
crease in the urinary levels of 17-keto and 17-hydroxysteroids. 

3. A young man presented with typical JAF and gynecomastia (Fig. 3.4). 



3.1.5 Clinical Findings 

The symptomatology of a JAF is related to its size and direction of exten- 
sion. The most typical presenting symptoms are nasal obstruction and 
epistaxis. 

Nasal obstruction is usually the first symptom to appear and frequently 
produces serous sinusitis by obstruction of the ostia of the ethmoidal, 
sphenoidal, and maxillary sinuses and less frequently will produce otitis 
by obstruction of the eustachian tube meatus. Infection then leads to in- 
termittent purulent rhinorrhea and/or otorrhea and systemic manifesta- 
tions of infection. Decreased hearing may result from long-standing otitis 
(serous or purulent) and is usually preceded by ipsilateral tinnitus. Fur- 
ther superior extension produces anosmia, usually associated with bilat- 
eral nasal obstruction and a nasal voice. 

Recurrent hemorrhage is a constant symptom of JAF. Moderate spon- 
taneous epistaxis may even occur at night and can lead to anemia. 

Life-threatening massive hemorrhage can occur and is often incom- 
pletely controlled with nasal packing; it requires rapid diagnosis of 
the cause of the hemorrhage in addition to compensation for blood 
loss. Emergency ligation of the distal internal maxillary artery or other 
branches of the external carotid artery should be avoided as this compro- 
mises the definitive treatment of the tumor. Facial (Fig. 3.3) swelling, 
proptosis, and extraoculomotor nerve palsy usually indicate infratempo- 
ral, temporal, orbital, or cavernous extension of the tumor (Figs. 3.1, 3.2). 
However, these extensions may also exist without obvious clinical mani- 
festations. On the other hand, overestimation of the subclinical extension 
of the tumor may incorrectly suggest that the lesion is nonresectable. 
Therefore, the topography of the tumor extent must be accurately ana- 
lyzed with various imaging methods. 

The clinical examination of the cavum usually reveals a reddish or 
grayish tumor bulging into the nasopharynx, sometimes inferiorly or 
even displacing the soft palate. The tumor may bleed on contact; there 
is usually no ulceration and the surrounding areas do not show any 
evidence of malignancy (biopsy should be avoided, as the clinical history 
and the appearance of the tumor should be sufficient to make the clinical 
diagnosis). 

Further detailed examination should be directed to detecting sex hor- 
mone deficits and signs of secondary sex organ development (Fig. 3.4). 

In practice, the diagnosis of JAF is usually simple, even though it is a 
rare tumor. 
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3.1.6 Natural History 

The natural history of these tumors is controversial, as already discussed, 
and spontaneous stabilization of the lesion cannot be expected given that 
JAFs observed in older patients are rare and less aggressive. In our expe- 
rience, a significant regression from an aggressive to a stable form has not 
been demonstrated. On the contrary, spontaneous extension into the ad- 
jacent areas is to be expected. Treatment should not be delayed since true 
subclinical intracranial extension may occur during the period of obser- 
vation, transforming what was easily curable JAF into an inoperable case. 
The possibility of malignant degeneration has been discussed, but it 
should be remembered that most cases reported in the literature were 
secondary to radiation therapy. 



3.1.7 Pretherapeutic Evaluation 

3. 7.7. 7 Computed Tomography 

CT examination should be performed with proper soft tissue and bone 
windows, before and after contrast administration, in axial and coronal 
planes. Direct coronal imaging following contrast enhancement provides 
the best anatomical information, especially regarding bone and soft tissue 
involvement at the level of the skull base. Plain skull radiographs do not 
provide further useful information, although if they are obtained early in 
the evaluation of the patient they may help to distinguish between a be- 
nign category of tumor including JAF, which typically thins and displaces 
bony structures such as the pterygoid plates, and malignant tumors, com- 
mon in children, such as rhabdomyosarcoma, which typically destroy 
adjacent bone. 



3. 7.7.2 Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) is particularly important in the eval- 
uation of intracranial and transdural extension of the tumor. This is best 
accomplished by assessment of the coronal and sagittal planes following 
intravenous contrast enhancement (Fig. 3.5). MRI is also the method of 
choice to distinguish tumor extension into the sinuses from sinusitis. 
Contrast enhancement and tissue signal characteristics will be different 
on MRI and an accurate diagnosis can be made using this technique. 



3.1. 7.3 Angiography 
True Intracranial Extension 

At angiography, intracranial extension corresponds to a blush projecting 
above the base of the skull on AP and/or lateral views. This blush is seen 
during internal carotid, ascending pharyngeal, or proximal internal max- 
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◄ Fig. 3.5A-F. A 20-year-old man presented with a 3-month history of stuffy nose. MRI 
Tl-weighted axial views without (A) and after contrast enhancement (B) showed ev- 
idence of soft tissue mass arising from the posterior aspect of nasopharynx on the 
left side with extension towards the pterygopalatine fossa and deep temporal fossa 
(arrow, B). Coronal MRI, Tl-weighted, showed the enhancement to be contained 
within the sphenoid sinus without evidence of dural or transdural extension (C). The 
extension towards the deep temporal fossa corresponds to the tumor blush at distal 
external carotid angiogram in AP view (arrow, D). The distal external carotid an- 
giogram in lateral view before (E) and after embolization (F) shows devasculariza- 
tion of the tumor following particle embolization (150-250 pm) and facilitated sub- 
sequent total surgical removal with less then 200-cc blood loss 



illary artery injections. A frontal view, in transorbital projection, makes it 
possible to differentiate between, intrasellar, intracavernous and extra- 
cavernous extension. Subarachnoid extension typically recruits arterial 
supply from cerebral arteries and therefore is easily diagnosed. The late 
phase of the internal carotid angiogram will demonstrate the patency of 
the cavernous venous plexus and completes the study of the parasellar 
area. 

False Intracranial Extension 

Recognizing false intracranial extension is extremely important so that 
potentially curative surgery is not incorrectly rejected. The erroneous di- 
agnosis of intracranial tumor extension is usually based on the visualiza- 
tion of a blush during internal carotid angiography. Careful examination 
of the films reveals that this blush projects outside of the cranial cavity. 
It is produced by tumor supply from extradural internal carotid artery 
branches (intrapetrous or intracavernous) that leave the cranial cavity via 
their respective foramina and supply the tumor, which is adjacent to the 
skull base but is extracranial. The cavernous sinus venous plexus is nor- 
mal in these cases, if the cerebral venous anatomical disposition permits 
its visualization on the late phase of the internal carotid angiogram. Sim- 
ilarly, false angiographic intraorbital extension may be diagnosed. This 
corresponds to tumor invasion of posterior ethmoidal cells, which are su- 
perimposed on the orbit in the lateral projection. A frontal view (in Cald- 
well projection) will exclude orbital tumor infiltration. When present, 
orbital involvement is usually clinically evident but CT and MRI exami- 
nations will give a very accurate demonstration of its extent. 

Recognition of these arterial characteristics is important, as they affect 
surgical resectability. These territories are supplied by branches of the in- 
ternal carotid arteries as well as the internal maxillary and ascending 
pharyngeal arteries and may be used for embolotherapy. Sacrifice of the 
internal carotid artery to reach the portion of tumor supplied by siphon 
branches may be considered if it can facilitate radical removal of a large 
tumor, but it requires proper functional testing. 

Two surgical classifications have been proposed to stage the various pat- 
terns of tumor extension and predict the surgical resectability (Table 3.4). 
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Table 3.4. Topographical classification of juvenile angiofibromas 



Fisch 
et al. 1984 


Class I 


Class II 


Class III 


Class IV 




Nasopharynx 


Pterygopalatine 


Infratemporal, 


Cavernous sinus 




and nasal 


fossa and para- 


orbit and 


pituitary fossa 




cavity no bone 
destruction 


nasal sinuses 
with bone des- 
truction 


extracavernous 

Intracranial 

extension 


optic chiasm 



Table 3.5. Effects of embolization (E) on intraoperative blood loss (modified from 
Wlaman 1981) 


Series 




Number 


E° 


Average blood 






of cases 




replacement (ml) 


Conley and Fairmont 


1977 


34 


_ 


1,850 


Jafek et al. 


1973 


34 


- 


2,700 


Christiansen et al. 


1974 


29 


- 


1,700 


Ward et al. 


1974 


12 


- 


1,300 


Pletcher 


1975 


16 


- 


2,387 






7 


+ 


1,177 


Roberson et al. 


1979 


12 


+ 


800 


Lasjaunias et al. 


1980 


53 


+ 


<1,000 


Waldman et al. 


1981 


10 


+ 


775 



3.1.8 Therapeutic Goals 

The therapeutic goal for JAFs should be the eradication of the tumor. Sur- 
gical removal of the lesion is still the best available technique (Ungkanont 
et al. 1996; Paris et al. 2001); however, two factors may limit the resection: 
intraoperative bleeding and the size and extent of the tumor. 

Three modalities may help in diminishing these two factors: 

1. Embolization carried out by an experienced team carries no significant 
morbidity or mortality. Reported complications or unsatisfactory re- 
sults are likely related to insufficient training or knowledge or poor 
judgment during the procedure itself. We have found this technique to 
be safe and helpful in preparation for surgery (Table 3.5). 
Percutaneous embolization of JAFs with liquid embolic material such 
as glue or alcohol has been proposed for those lesions that are mostly 
supplied by branches of the internal carotid artery (Casasco et al. 1994; 
Tranbahuy et al. 1994). However, subsequent experience with this 
method has shown the potential for significant complications (Casasco 
et al. 1999), making this technique problematic for routine use. 

2. Radiation therapy can be expected to produce partial regression or at 
least an arrest in the tumor growth of the angiofibroma (Reddy et al. 
2001); however, functional morbidity, as well as the significant long- 
term hazard of secondary neoplastic induction, places this form of 
treatment in a secondary role. Its role will be limited to rare circum- 
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stances of unresectable neoplasms with intracranial extension. Radia- 
tion has no demonstrable effect on the cellular portion of this benign 
tumor; its effect is felt to be secondary to postradiation vasculitis. 

3. Exogenous estrogens have produced positive effects on the operative 
bleeding rate. However, the morbidity caused by the dosage required 
for a clinically significant effect is very high considering that we are 
dealing with adolescent males. The effects of estrogens were confirmed 
at pathology by Delarue et al. (1956). The side effects of this type of 
treatment on gonadal development and function, given the population 
involved, make it an undesirable choice. 

In 1980, Cummings analyzed the relative risk factors in the treatment of 
JAFs (Cummings 1980). Although no reference was made to embolization 
nor to the respective efficacy of the available therapeutic modalities, the 
author demonstrated that surgery and radiation therapy carried the same 
treatment risk of 1% mortality. The results of surgery alone are a function 
of the technical skills of the surgeon and, therefore, it is difficult to predict 
the results possible in each medical center. Based on the classification of 
Fisch et al. (1984), most surgeons in the international literature tend to 
operate on stages I and II, some on stage III, and a few on stage IV. 

The overall mortality of JAF is thought to be 3% (Batsakis 1979) and the 
rate of recurrence varies from 12% to 35% (Ungkanont et al. 1996; Lloyd 
et al. 1999; Paris et al. 2001). 

Our own strategy favors presurgical embolization and embolization 
alone (or associated with estrogens) if the lesion is not surgically re- 
sectable; sacrifice of the internal carotid artery can be discussed on an in- 
dividual basis in patients with intracavernous extension (Fig. 3.6). Radia- 
tion therapy should be reserved for bilateral cavernous sinus involvement 
and for the situation where adequate surgical or therapeutic angiographic 
teams are not available in a given geographic location. 
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Fig. 3.6A-R. An 18-year-old male patient presented with a 1 -month history of nasal 
obstruction and epistaxis. A Extracavernous middle cranial fossa tumor extension is 
primarily supplied by the inferior lateral trunk (ILT) {arrow) from the left internal 
carotid artery siphon. The mandibular artery {curved arrow) arises from the in- 
trapetrous portion of the same internal carotid artery and vascularizes the nasopha- 
ryngeal portion of the lesion. In an attempt to preserve the internal carotid artery, we 
tried to reach the intracranial extension via its external carotid supply, by transient- 
ly occluding the internal carotid artery at the level of the ILT and mandibular artery. 
E-R see pp. 217-220 
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Fig. 3.6 ( continued ). Morphological (B) and functional testing of the circle of Willis 
was first carried out under neuroleptanalgesia, and successively the left accessory 
meningeal artery (C, D), the distal internal maxillary artery (E, F), and the anterior 
branch of the ascending pharyngeal artery (J, K) were injected with the balloon in- 
flated and then deflated in the siphon. I-R see pp. 218-220 
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Fig. 3.6 ( continued ). Although changes in the quantity of intracranial tumor supplied 
by the external carotid artery were minimal ( double arrow), embolization of these ar- 
teries was carried out with polyvinyl alcohol with the balloon inflated in the internal 
carotid artery siphon ( open arrow, dotted lines around balloon). Follow-up angio- 
grams performed in the external carotid systems following each embolization (H, L) 
showed satisfactory occlusion of the tumor feeders. Stagnation of contrast material in 
the embolized vessels (arrow) was seen on plain skull X-rays (I, G). M-R see pp. 219, 220 







Fig. 3.6 ( continued ). However, the supply from the internal carotid artery persisted 
and had even increased slightly (M); only the mandibular artery territory appeared 
to have been controlled. As the morphological and functional patency of the circle of 
Willis had been tested previously, the siphon was occluded by means of a detachable 
latex balloon (Debrun’s type, no. 16 Ingenor), below the ipsilateral ophthalmic artery 
(arrow, N); a second one was detached at the level of the origin of the mandibular ar- 
tery ( arrowhead , N). Contralateral distal internal maxillary (0) and ascending pha- 
ryngeal (P) arteries were then embolized. Q, R see p. 220 
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Fig. 3.6 ( continued ). The tumor was removed en bloc (Q) 1 week later with minimal 
blood loss. Emboli can be seen within the tumor specimen (R). In this particular 
case, careful attention should be paid to the opening of the internal maxillary-oph- 
thalmic artery anastomosis, following internal carotid artery balloon occlusion be- 
fore and during embolization. As pointed out in the text, the blood pressure and fluid 
balance must be monitored in the hours following embolization to avoid any hypo- 
volemia or hypotension, which would change the status of the circle of Willis from 
what was tested, with a high risk of stroke 
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Table 3.6. Primary treatment of juvenile angiofibromas 



Series 

Type of treatment 


Number of 
cases treated 


Number of 
recurrences 


Number of 
repeated recurrences 


Surgery alone 

(Sergent 1968; Muller 1971) 


49 


21 


11 


Surgery alone 
(Biller 1974) 


43 


16 


Not mentioned 


Embolization and surgery 
(Lasjaunias 1980) Group II 


41 


3 


1 


Embolization and surgery 
(Waldman 1981) 


10 


0 


0 


Radiation therapy and surgery 
(Cummings 1984) 


55 


11 


2 



3.1. 8.1 Radiation Therapy 

The results of radiation therapy as the primary treatment of JAFs were re- 
viewed by Cummings in 1984. In over 55 patients followed up from 3 to 
26 years, the overall results were considered to be very good. Eighty per- 
cent had tumor control; however, 20% (11 patients) presented with recur- 
rence following radiation, eight of which were reradiated with good re- 
sults. Although these figures may appear to be satisfactory, two patients 
developed malignant tumors (thyroid and skin). Two cataracts (one in the 
patient presenting with the skin cancer) and one case of clinical hypopi- 
tuitarism were also noted. Most patients developed mucositis during the 
radiation therapy. 

One can consider the results of radiation therapy alone or in associa- 
tion with surgery to be almost as good as those of embolization with sur- 
gery in comparable series. However, the 5% morbidity of the former in- 
cludes induced cancer, while the latter has no associated late morbidity. 
Therefore, our preference is embolization combined with surgery each 
time both teams are available in a given place (Table 3.6). 



3.1.9 Technical Aspects of Embolization 

Presurgical embolization of JAFs is a simple procedure in most cases; the 
tumor is supplied exclusively by external carotid artery branches, which 
most of the time can be easily catheter ized. 

The goals of the endovascular approach will therefore be: 

1. Reaching the capillary bed (it is a tumor) 

2. Devascularizing the region 

Angiographic patterns are predictable in most cases. The location of the 
arterial feeders depends on the site of origin of the lesion; they are usually 
only moderately enlarged. The parenchymal blush is intense, without 
arteriovenous shunting, and no early venous return (Fig. 3.5). 
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Certain specific characteristics may make the procedure more difficult: 
anastomoses between branches of the internal maxillary and ascending 
pharyngeal arteries and the intracranial or intraorbital arteries, and in- 
ternal carotid artery supply to the tumor. 

JAF differs from other lesions in that it demonstrates a strong correla- 
tion between the angiographic blush and the true extent of the tumor. 
Therefore, the angiographic appearance following embolization is a reli- 
able indication of the adequacy of the procedure. 

Generally, the limiting factors are sought first: internal carotid artery 
supply in particular. Therefore we start with angiography of the opposite 
internal carotid artery with cross compression in the AP projection (Cald- 
well view), followed by ipsilateral internal carotid artery injection in the 
lateral projection (with or without Caldwell view, as necessary). These 
injections will show existing ethmoidal, sphenoidal, and middle cranial 
fossa extensions. 

The next step is the successive catheterization and embolization of the 
external carotid artery feeders to the tumor. All extracranial feeders can 
be predicted accurately from CT and MRI examination if one has a clear 
understanding of the territorial vascular anatomy. In general, the distal 
internal maxillary arterial branches, the accessory meningeal artery, the 
superior pharyngeal division of the ascending pharyngeal artery, and the 
ascending palatine artery (or its equivalent) are the most constant suppli- 
ers to the JAF and must be reached consecutively. 

We prefer to perform selective catheterization and embolization using 
a specific sequence. If several branches of the external carotid artery 
must be embolized, one should always try to embolize the most distal one 
first, to avoid later loss of access caused by vasospasm. The second or 
next artery to be catheterized should give an indication of the quality of 
the embolization achieved; it should, therefore, be one of the possible 
sources of collateral circulation to the region embolized and provide an 
alternate route to reach the territory, in case the embolization was too 
proximal. 

By personal choice, we start with the ipsilateral distal internal maxillary 
artery, followed by the accessory meningeal, the ascending pharyngeal, 
and the ascending palatine arteries. On a given side, the final verification 
angiogram will be done in the facial artery. Sequential catheterization and 
embolization of feeding vessels from the opposite side should be carried 
out in almost all cases, in the same order. However, it may require a less 
aggressive approach than the dominant side, depending on the midline 
extension and contralateral collateral circulation. 

For many years, we have used 150- to 250-pm polyvinyl alcohol (PVA) 
particles to embolize the tumor bed. Schroth et al. (1996) demonstrated 
that up to 95% of PVA particles measuring less then 50 pm may pass 
trough the tumor bed and will embolize to the lungs. We usually complete 
the particle embolization of the tumor bed by an injection of two or three 
large pieces of Gelfoam (3 mm in caliber, 1 cm in length). The objective of 
this part of the embolization procedure is to produce a transient devascu- 
larization of the region adjacent to the tumor, as well as increase in the 
distal thrombosis within the tumor itself. This technique is used in all of 
the feeders, bilaterally if necessary. 
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Table 3.7. Hazards of embolization of specific vessels 



Distal internal maxillary artery Orbital and cavernous ICA anastomoses 
Accessory meningeal artery Intracavernous ICA anastomoses and cranial 

nerve blood supply 

Ascending pharyngeal Intrapetrous and intracavernous ICA 

anastomoses, cranial nerves, and vertebral 
artery anastomoses 



ICA, internal carotid artery. 



The management of intracranial extension or large nonresectable tu- 
mors may require the use of: 

1. Fluid agents (NBCA, alcohol, or others), with flow control in the inter- 
nal maxillary or ascending pharyngeal branches 

2. Temporary or permanent occlusion of the internal carotid artery siphon 

Each of these two methods of embolization carries its own risks, which 
must be carefully analyzed before they are undertaken (Table 3.7). Cere- 
bral functional testing should always be carried out before sacrifice of the 
internal carotid artery. Shrinking of the tumor is observed both radiolog- 
ically and clinically (breathing is improved often with return of nasal pa- 
tency), usually within 12 h of the embolization. Using our technique, the 
effect of embolization on the ease of surgical resection is consistently 
excellent, and we believe it justifies the rejection of more aggressive em- 
bolic agents in most patients. To our knowledge, the use of intra-arterial 
injection of sex hormones or cytotoxic drugs in nonsurgical cases has not 
yet been reported. 



3.1.10 Tumor Recurrence 

The rate of recurrence varies in the literature, but can reach up to 30% 
with surgery. Symptomatic recurrence usually occurs during the first 
12 months but can occur up to 5 years after surgery, with an average of 
2.5 years in 19 patients. This relatively high recurrence rate usually reflects 
incomplete removal of the lesion (Lloyd et al. 1999). Most of the recur- 
rences encountered occurred when surgery was done without prior em- 
bolization or because of posterior extension along the pterygoid canal, 
with invasion of the sphenoid bone. 

Some recurrences may be asymptomatic and discovered during a late 
follow-up or during imaging examinations done for other reasons. The 
therapeutic strategy will then depend on the experience of the team. We 
would still recommend removal of the recurrent tumor, if possible, as 
future growth is unpredictable and further subclinical extension might 
occur. 
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3.2 Other Nasopharyngeal Tumors 

The angiographic and therapeutic protocols described for JAFs are read- 
ily applicable to other benign hypervascular tumors of this region. Em- 
bolization with particles usually does not alter the tumor architecture so 
much that it interferes with making a subsequent histological diagnosis. 
Therefore we feel comfortable using this type of embolization prior to 
diagnostic biopsy or radical removal. In the adult population, benign 
nasopharyngeal tumors are less common than malignant ones. 

Paragangliomas may occur in this region. Clinically they may simulate 
malignant lesions. They are most often benign hypervascular lesions that 
are locally invasive. Malignant and metastatic paragangliomas do exist in 
this region but are rare. Paraganglioma management will benefit from 
presurgical embolization, similar to the protocol described for JAFs. More 
recently, percutaneous embolization techniques have been described 
(Casasco et al. 1994, 1999), with liquid embolic material injected directly 
into the tumor bed. The results of this approach appear to be encouraging 
and could lead to embolization techniques being the only treatment pro- 
viding local in-situ deposition of specific antitumor agents. 

Other benign vascular lesions that can occur in the nasal fossa include 
neuroblastomas, esthesioneuroepitheliomas, hemangiopericytomas, he- 
mangioendotheliomas (most of which are considered malignant), and 
what Aufdemorte (1981) has named hemangiopericytoma-like tumors. 
This separate entity is encountered in adults between the ages of 14 and 
79 years, with a mean age of 53 years (Compagno 1976). The benign 
course of the lesion, following surgery, is remarkable considering its local 
invasiveness (25%-50% recurrence) and the potential for metastasis 
(12%— 60%) (Enzinger and Smith 1976). More recently, Batsakis et al. 
(1983) reported the electron microscopic study of the biological and 
histological low-grade character of hemangiopericytomas in the nasal 
cavity. He outlined the difference between the low-grade true heman- 
giopericytoma and the hemangiopericytoma-like tumors (Fig. 3.7). Simi- 
larly, Cole (1982) collected 14 cases of hemangioendotheliomas of the 
nose and nasal cavity and paranasal sinuses. The ages of the patients 
ranged from 3 months to 71 years of age. Four of them were in the pedi- 
atric group. The mean age was 42 years for male patients and 40 for fe- 
males. Only three of them died from their disease, nine are still alive (eight 
without recurrence), and two were lost to follow-up. These tumors are all 
highly vascular and in this specific area have a relatively benign course. 
We feel that they should undergo radical surgery whenever possible and 
will therefore also benefit from presurgical embolization. 

Extracranial meningiomas are rare in this region and usually develop 
in the parapharyngeal space. They represent only 1% of overall menin- 
giomas (Geoffray et al. 1984). 

In their review, Geoffray et al. (1984) collected 94 cases of meningioma 
involving the head and neck region: 39 in the paranasal sinuses and the 
nasopharyngeal cavity, 15 of which had documented intracranial exten- 
sion. In addition to these, 19 were in the para- and retropharyngeal space. 

Tumors developing in the parapharyngeal space were reviewed by 
Work and Hybels (1974), who reported 80% of the tumors to be benign 
and the majority of salivary gland origin. 
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Fig. 3.7. A 14-year-old female 
patient presented with epistaxis. 
Rhinoscopy disclosed a 
reddish tumor. Distal internal 
maxillary angiogram demon- 
strates tumor blush fed by the 
sphenopalatine branches. Ipsi- 
lateral facial, internal carotid, 
and contralateral internal 
maxillary artery angiograms 
(not shown) were normal. 

The lesion was embolized and 
subsequently removed. Patho- 
logical diagnosis was heman- 
giopericytoma 




In other series, neurogenic tumors were the most frequent benign lesions 
encountered in the parapharyngeal space (Conley and Clairmont 1977; 
Ferlito et al. 1984). Schwannomas are encountered in the nasal fossa and the 
paranasal sinuses (Khalifa and Bassyouni 1981; Mahe et al. 1983), maxillary 
sinus (Agarwall et al. 1980), and sphenoid sinus (Calcaterra 1974). 

The angiomatous polyp is a rare benign lesion. Som et al. (1982) de- 
scribed five cases, three of which were biopsy proven. These lesions have 
histological findings similar to JAF and may bleed profusely at the time of 
biopsy. Most patients with these lesions present in a similar fashion to 
those with JAF, and therefore are referred for presurgical angiography and 
embolization. At angiography, they are less vascular than the typical JAF, 
probably because they contain more fibrous tissue, but since they also 
have a high potential for intraoperative hemorrhage, they will benefit 
from preoperative embolization. 

In 1982, Ali reported a 28-year-old woman with an extranasopharyn- 
geal angiofibroma in the tonsillar area and reviewed the literature exten- 
sively. Over 36 cases have been reported since 1936, with a mean age of 
22 years (Ali and Jones 1982; Neel et al. 1973). Among these 36 cases of ex- 
tranasopharyngeal angiofibromas, 44% were between 10 and 20 years of 
age at the time of the discovery of the lesion, compared to 80% of patients 
with nasopharyngeal JAF. 

Thirty-one percent of the extranasopharyngeal angiofibromas occurred 
in females. Because of these differences in site of origin, sex ratio, and age, 
Lucas in 1976 and Ali in 1982 felt that although the structural aspect and 
clinical presentation and benign course are identical, extranasopharyn- 
geal angiofibromas and the usual type of juvenile nasopharyngeal an- 
giofibromas should be considered as two different entities. 
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Fig. 3.8A, B. A 16-year-old 
male patient with a nasopha- 
ryngeal juvenile angiofibroma. 
A Pathological specimen from 
surgery performed a few days 
after Gelfoam embolization. 
Note the intense cellularity. 

B Pathological specimen ob- 
tained following the second 
surgery for recurrence of the 
tumor 8 months later. Silicone 
fluid embolization was per- 
formed a few weeks before this 
resection. Note the fibrotic 
transformation of the tumor 
and the organized thrombi 
into the vascular lumen. No re- 
currence on 1 1 -year follow-up 



3.3 Conclusion 

We feel that benign vascular tumors such as JAFs, angiomatous polyps, ex- 
tranasopharyngeal angiofibromas, nasal, paranasal, and nasopharyngeal 
paragangliomas, meningiomas, hemangiomas, hemangiopericytomas, es- 
thesioneuroblastomas, and hemangioendotheliomas can all benefit from 
preoperative embolization. Their location at the base of the skull, the fre- 
quency of recurrence following incomplete surgery, and the potential long- 
term side effect of radiation therapy are all factors that support the use of 
embolotherapy prior to their surgical removal. The role of in-situ deposi- 
tion of embolic materials (Fig. 3.8), including antineoplastic agents using 
percutaneous image-guided techniques, is expected to grow and in the 
future may very well obviate the need for surgical resection and or radia- 
tion therapy for vascular neoplasms involving the head and neck region. 
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4.1 Introduction 

Paragangliomas occur in a variety of sites in the head and neck, with 
almost one-half arising in the temporal bone (Tables 4.1, 4.2). Although 
tumors of the middle ear occur infrequently, paragangliomas are the most 
common in this location. 

If one considers all tumors of the temporal bone, paragangliomas are 
second in frequency to neurogenic tumors (Spector et al. 1973). 

Paragangliomas best represent the multidisciplinary therapeutic strat- 
egy and technical aspects involved in the treatment of benign neoplasms 
of the cervical and temporal regions. 

The considerable interest generated by these lesions is apparent from 
the 2,000 cases reported in the literature, even though they represent only 
0.012% of tumors in the pathology files of large centers (Lack et al. 1977). 

The interesting features of paragangliomas include their multicentric- 
ity and their frequent association with other neural crest tumors. 
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Table 4.1. Neural crest derivates (modified from Turpin 1978) 



Mesenchymal 


Ectodermal 


Ectomesenchymal cells 


cells 


cells 


after endodermic setdement 
(argentaffin cells) 


Muscular, osseous 


Ganglion cells (autonomic 




cartilaginous, etc. 


nervous system; cranial and 




structures of the 
head and neck 


spinal nerves 




Odontoblasts 


Neural coverings and stroma 
(microglia leptomeninges) 





Secretory cells 


Compact endocrine 


• Chromaffin cells 


system (thyroid, pituitary; 


• “Non-chromaffin” 


parathyroid) 


paraganglions 


Disseminated endocrine 


(brachial etc.) 


system (pancreas) 


• Melanoblasts 


Diffuse endocrine 


• Hypothalamic cells 

• Pineal cells 


system (GI tract) 



Cells oft the APUD system are included in the box. 



Table 4.2. Locations of head and neck paragangliomas in order of frequence (from 
Zak and Lawson 1982) 



f Tympanic 
Temporal s 

l Jugular 

Carotid 

Vagal 

Laryngeal 

Orbital 

Nasopharyngeal 

Tyroid, parathyroid 

Face, ear, submastoid area, parotid 



Temporalis muscle 
Buccal mucosa 
Tongue 
Soft palate 

Pterygopalatine fossa 

Mandible 

Nasal fossa 

Cervical esophagus 

Intracranial (sphenoid sinus, 

parasellar region, intrasellar, epithalmic) 



Glomic tumors, chemodectoma, nonchromaffin paraganglioma, and 
neurocristopathic tumor are the most common names given to the benign 
neuroendocrine neoplasms that arise from the neural crest derivatives. 



4.2 Embryology 

The neural crest gives rise to three types of cells (Table 4.1; Rosenwasser 
1968; Louvel and Abelanet 1979): mesenchymal, ectomesenchymal, and 
ectodermal. 

Ectomesenchymal cells migrate to colonize the endodermal derivatives 
(hypophysis, thyroid gland, thymus, digestive tract) and belong to the so- 
called argentaffin cell group (from which the serotonin-secreting carci- 
noid tumors develop). Argentaffin cell derivatives are further categorized 
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into two subgroups depending on their chromaffin reaction: those that 
react positively are termed enterochromaffin cells, while those with a neg- 
ative reaction are argyrophilic cells. The argyrophilic cells are very differ- 
ent from the cells giving rise to the paragangliomas, and although they 
can both release serotonin, their initial embryonic pattern of migration 
results in different patterns of differentiation. 

The ectodermal group gives rise to leptomeningeal cells, microglial 
cells, ganglion cells (for the spinal nerves, autonomic nervous system, and 
sensory cranial nerves), and special secretory cells. The secretory cells are 
divided into two subgroups depending on the chromaffin reaction. The 
chromaffin-positive subgroup includes the cells of the adrenal medulla 
(pheochromocytes, adrenalin secreting) and the para-aortic cells (chro- 
maffin paraganglion cells, which release noradrenalin). The nonchro- 
maffin cells extend throughout most of the body, where they have both 
receptive and secretory functions. The hormones released include cate- 
cholamines and serotonin, with no relation to cellular topography. Some 
groups of cells are, however, more consistently located in the same areas: 
branchial and aortic, for example. 

In the past, Glenner and Grimley (1974) and Zak and Lawson (1982) 
emphasized that the chromaffin reaction of the cells may not be a satis- 
factory test to differentiate these subgroups. 

For example, catecholamine secretion by both extra-adrenal chromaf- 
fin tumors and adrenal nonchromaffin tumors has been described. There- 
fore, the term “branchial paraganglion” most appropriately describes the 
specific group of neural crest cells in the head and neck regions that give 
rise to the tumors to be described in this section: the paragangliomas 
(Table 4.2). 

The use of the name “glomus tumor” should be reserved for those tu- 
mors that actually develop in the glomus of Masson, a vascular structure 
located in the finger tips. These glomi have two types of cells - endothe- 
lial cells and pericytes - with smooth muscle cells and amyelinic nerve 
fibers. The tumors developing from the glomus of Masson are painful be- 
nign neoplasms which occur in young patients and have the potential to 
transform into hemangiopericytomas. 

The term “apudoma” refers to the neoplasms that are derived from the 
amine precursor uptake and decarboxylation (APUD) system described 
by Pearse (1977). 

They consist of cells that can produce polypeptides and fluorogenic 
amines (catecholamines, serotonins, etc.). This category includes the cells 
of the ectomesenchymal and ectodermal groups, both of which have 
endocrine activity regardless of their chromaffin response. 

Branchial paragangliomas also belong to this group, as do tumors that 
release calcitonin, MSH, ACTH, parathormone (compact endocrine sys- 
tem); insulin, glucagon, gastrin, somatostatin, thymin (disseminated en- 
docrine system); and secretin, enteroglucagon, motilin, pneumokinin 
(diffuse endocrine system). 

This embryologic overview supports three possible conclusions. 

A dysgenetic lesion derived from the neural crest can include several 
cells of the same subgroup or of different subgroups of the APUD system, 
with the potential for multifocality and polymorphism. Clinical manifes- 
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tations are illustrated by the association of single or multiple unilateral 
tumors or bilateral paragangliomas, and other tumors such as abdominal 
pheochromocytoma. 

The neural crest cells carry the potential of producing different types of 
polypeptides; therefore, a clone of tumor cells within a paraganglioma 
may mature toward cells that release a different hormone (single para- 
ganglioma with polymorphic secretory activity). This characteristic is 
illustrated in the case reported by Farrior in 1980 of a carcinoid tumor 
within a temporal paraganglioma. 

The early polymorphic potentiality of each cell is preserved until mi- 
gration is complete. Therefore, ectopic tumors and hormonal release can 
be found. Most of the ectopic paragangliomas reported are located in the 
head and neck areas. It is important to note that most of the head and neck 
paragangliomas in the usual location develop from a preexisting normal 
paraganglion (Table 4.2). However, head and neck paragangliomas have 
been reported to occur in areas where normal paraganglions have not 
been observed, and these should be considered ectopic tumors. 



4.3 Epidemiology 

Paragangliomas are unique in that the tumor that brings the patient to the 
physician may be part of a complex disease (neurocristopathy). There- 
fore, the epidemiology of the single paraganglioma may appear too re- 
strictive. 

For practical purposes we shall consider that the most common bran- 
chial paragangliomas can be differentiated by their location: tympanic, 
jugular, carotid, vagal, laryngeal, nasopharyngeal, and orbital. In fact, pure 
tympanic and pure jugular paragangliomas are not frequent; also, since 
their clinical manifestations are similar, they are usually classified as a 
single entity: temporal paragangliomas. 

In 1982, Zak and Lawson reviewed about 2,000 cases and discussed the 
problems arising from paragangliomas in the head and neck territory. 

Table 4.3 displays the age and sex distribution of the paragangliomas. 
One can note two groups: the branchial paraganglioma with a female pre- 



Table 4.3. Epidemiology of paraganggliomas (from Zak and Lawson 1982) 



Location 


Number of 
patients 


Benign tumors 




Malignant tumors 






Age range 


Mean age 
(yrs) 


Female 

(%) 


Total 

(%) 


Mean age 
(yrs) 


Female 

(%) 


Temporal 


507 


18-25 


46 


71 


3 


45 


70 


Carotid body 


370 


5-89 


44 


52 


10-15 


32 


59 


Vagal 


115 


18-79 


48 


72 


10 


45 


81 


Laryngeal 


34 


14-71 


47 


55 


18 


58 


83 


Orbit 


17 


3-69 


44 


52 


3 reported cases 






Nose and pharynx 


16 


8-92 


44.5 


75 


none reported 






Total 


1059 
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dominance of 2.5:1 (temporal, vagal, nasal, and nasopharyngeal) and the 
branchial paraganglioma with no sex predominance (carotid, laryngeal, 
orbit). For almost all locations, the mean age is in the fifth decade, with a 
range from 6 months (Wosnessenski 1923) to 89 years. The youngest and 
oldest patients both had carotid body tumors. There is no significant re- 
lationship between sex hormones and the clinical presentation or pro- 
gression of the tumor in any of the groups mentioned above, although 
rare cases have shown some symptomatic changes during menses or preg- 
nancy (Mirizzi 1935). The duration of symptoms before diagnosis is re- 
lated to the medical environment and cultural habits of the patient. 
Branchial paragangliomas are usually considered to be slowly growing 
benign neoplasms, but in younger patients they may develop rapidly 
and tend to be larger and more endocrinologically active and to produce 
more rapid cranial nerve impairment. There is no definitive racial nor 
geographic distribution, but in 1973 Saldana found that branchial para- 
gangliomas (carotid) were ten times more frequent in high-altitude 
(2,500-4,500 m) dwellers in the Peruvian Andes than in sea-level resi- 
dents. Hypoxia, present from birth, was thought to be the stimulating fac- 
tor for chronic hyperplasia leading to further tumor development. These 
observations were confirmed by a few other reports but were not sup- 
ported by large series. Our review of personal cases did not disclose any 
patient in this group. 

Although paragangliomas appear to be neoplasms, there is evidence of 
a familial distribution, which is not restricted exclusively to branchial 
paragangliomas tumors but applies to all apudomas. In familial cases, the 
inheritance is autosomal dominant with strong penetrance, but variable 
expression. Each offspring carries the disorder, but the disease may not be 
revealed in a given patient. Among a group of 46 patients with paragan- 
gliomas, nine (20%) revealed a family history of this tumor (Netterville et 
al. 1998). Between 40% and 80% of patients with familial forms have mul- 
tifocal disease, while this multifocality occurred in 23% of patients with 
nonfamilial paragangliomas (McCaffrey et al. 1994; Netterville et al. 1998). 
Multicentric familial paragangliomas have the same epidemiological dis- 
tribution as multicentricity encountered in the spontaneous form. 

Multifocality can be expressed in many ways, including bilateral and 
unilateral multiple lesions and multiple lesions in the same tumoral mass 
(Zak and Lawson 1982; Moret and Lasjaunias 1986). Vagal and carotid 
paragangliomas are more likely to be multifocal than those in other loca- 
tions (Table 4.4). The number of tumors and the possible endocrine ac- 
tivity are also variable. In a series of over 2,000 patients, Zak estimated 
that 1% had tumors with secretory activity. This subgroup had no sex 
dominance, but 40% were below 25 years of age, whereas only 15%-20% 
of patients with secretory paragangliomas are below 25 years of age. Clin- 
ically functioning tumors were noted in 17% of the patients reported by 
Somasunder et al. (2000) and their typical presentation was uncontrolled 
hypertension. Multicentricity and secretory activity can be observed with 
malignant paragangliomas (Strauss 1983). The malignant character of the 
lesion is difficult to assess at pathology (see Sect. 4.4), and only lymph 
node involvement or metastasis can be considered reliable indicators. The 
incidence of malignant forms is probably underestimated. 
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Table 4.4. Multicentricity of paragangliomas 



Topography 


Incidence (%) 


Carotid 


15 


Jugular 


2 


Vagal 


10 


Number of tumors 


2 tumors 


84% 


3 tumors 


13% 


4 tumors 


2% 


5 tumors 


1% 



Vagal, carotid, and laryngeal paragangliomas have a malignant poten- 
tial estimated at between 10% and 18%, while those in the temporal region 
have a lower incidence at 3% (Table 4.3). 



4.4 Pathology 

The macroscopic appearance of branchial paragangliomas is usually typ- 
ical. The tumor is encapsulated, polypoid, brown or frankly purple, with 
an inflammatory appearance. Depending on the location, the tumor may 
be lobulated or oval in shape. At histology, the findings are those of a 
paraganglion with epithelial cells and a highly vascular stroma. Usually, 
the lesions appear to be true neoplasms, showing no normal relationship 
between the nerve fibers and the cells, unlike either a hyperplasia or a 
hamartoma. The degree of vascularity is variable; the most vascular 
lesions may be almost cavernous, including fenestrated endothelium. The 
epithelial cells have clear cytoplasm with eosinophilic granules. Unfortu- 
nately, it is impossible to correlate the histological differences, the clinical 
symptoms, the catecholamine storage, or the type of secretion with the 
appearance or the number of granules seen in electron microscopic stud- 
ies. Neurons and ganglion cells can also be seen within the tumor, with no 
particular significance. 

The histological diagnosis of malignancy is not definitive, but the fol- 
lowing minor findings may cause suspicion of malignancy in any given 
branchial paraganglioma: rupture or absence of the capsule, invasion of 
vessel wall by tumor cells, vacuolization of the cytoplasm, and increased 
mitotic activity. Although mitotic activity is usually minimal, variations in 
its appearance may be related to changes induced by therapy. Folpe et al. 
(2001) have proposed a new classification scheme and criteria for atypical 
and malignant glomus tumors: malignant glomus tumor, symplastic 
glomus tumor, glomus tumor of uncertain malignant potential, and gan- 
gliomatosis. Using this classification scheme, metastases were observed in 
38% of tumors fulfilling these criteria for malignancy. 

The differential diagnosis of the histological findings includes heman- 
giopericytomas, carcinoid tumors, alveolar sarcomas, metastasized thy- 
roid carcinomas, some neurogenic tumors, and granular cell myoblas- 
tomas. 
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Ectopic paragangliomas, especially intracranial ones, are a diagnostic 
challenge. Some meningiomas labeled angioblastic, transitional, or neu- 
roepithelial often show glomic patterns and may be mislabeled, (Zak and 
Lawson 1982); more rarely, cerebellar hemangioblastomas, pineal tumors, 
metastatic hypernephromas, and cauda equine tumors may be misdiag- 
nosed as paragangliomas. 



4.4.1 Vascular Architecture 

Small arteries are present in the capsules and septa of branchial paragan- 
gliomas; the stroma, as mentioned above, contains sinusoidal spaces. In 
some areas, these spaces appear to be all that separates the tumor cells 
from the blood stream (Pettet et al. 1937). In 1955, Willis and Birell showed 
a complex arterial arrangement within carotid body tumors with a cen- 
tripetal distribution: the arteries often have a normal proximal caliber of 
about 90 pm and enlarge deep within the tumor, where they may reach a 
caliber of 300-600 pm. These vessels, called paracapillaries, metacapillar- 
ies and medium-caliber vessels, have anastomoses with each other as well 
as with the veins and the sinusoids. 

From these observations and the angiographic findings in branchial 
paragangliomas, several remarks can be made. 

Moret et al. (1986), describing lesions in the temporal region and in the 
cervical area, showed the compartmental arrangements of paraganglio- 
mas in which an artery, superselectively injected, will opacify a segment 
of the lesion with a specific venous drainage. The tumor can therefore be 
rebuilt like pieces of a puzzle. Two types of puzzles can be identified: uni- 
compartmental masses (with only one “puzzle piece”) and multicompart- 
mental masses (with two or more puzzle pieces); each puzzle piece can be 
visualized by the injection of one or more than one artery. 

This analysis has theoretical and practical implications: multicentric 
lesions can be bilateral or unilateral and can be close together. Therefore, 
multicompartmental masses could, theoretically, constitute multiple adja- 
cent tumors that are macroscopically not separable. The second implica- 
tion of this theoretical analysis is practical. The existence of a capillary 
bed and of arteriovenous communications explains the rapid venous 
filling seen on angiographic studies and the efficiency of small-particle 
embolization. 

Two characteristic patterns of involvement of the large vessels of the 
neck by branchial paragangliomas should be emphasized. The develop- 
ment of the jugular paraganglioma within the lumen of the jugular vein is 
a very specific feature compared to the extrinsic vascular compression 
produced by other branchial paragangliomas and other cervical masses. 

The irregular narrowing of the internal carotid artery seen in some cer- 
vical paragangliomas is similar to encasement by tumors and is probably 
not specific. 

The role of the vascular system in the development of branchial para- 
gangliomas is very interesting. In 1973, Spector pointed out the possible 
role played by neovascularization, preceding tumor invasion regardless of 
its site. This concept is supported by Folkman’s work on the tumor angio- 
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genic factor (TAF). We have observed this phenomenon twice and will dis- 
cuss it further with the pretherapeutic evaluation. 

Finally, the angiographic analysis of the vascular architecture of these 
branchial paragangliomas provides some additional insight into their 
pathology. Clinically, tympanic and jugular paragangliomas are seldom 
multifocal (2% vs. 15% for other locations). Analysis of the surgical results 
of large paragangliomas (Fisch types C2 and D2) of the temporal bone 
(Table 4.8) shows that in type C2 (petrous extension), their carotid arter- 
ies are sacrificed or repaired in 10% of cases and all of the lower cranial 
nerves remain intact. In type D2 (intradural extension larger than 2 cm), 
although the carotid artery is preserved in 100% of cases, the lower cranial 
nerves are constantly impaired. 

These two groups seem to represent the extreme forms of two different 
branchial paragangliomas. The C type appears to evolve from a tympanic 
paraganglioma, and the D type evolves from a jugular paraganglioma. Co- 
existence of both types raises the possibility of multicentricity within the 
temporal bone itself. Angiographic analysis supports this theory. Typical- 
ly because they are encapsulated, branchial paragangliomas do not recruit 
arterial feeders from adjacent territories like other types of invasive or 
nonencapsulated tumors. For example, the jugular paraganglioma, which 
extends within the jugular vein, occupies an angiographically isolated 
compartment that can only be occupied by the neuromeningeal branch of 
the ascending pharyngeal artery. In our experience, large paragangliomas 
of the temporal bone that extend into the tympanic cavity and the jugular 
vein do not correspond to a single vascular territory but to two, fed by the 
tympanic arteries and the jugular branch of the neuromeningeal division 
of the ascending pharyngeal artery. We feel that even though grossly these 
lesions appear to be a single mass, they may actually be two separate 
tumors. The significance of the vascular supply pattern did not receive 
sufficient attention and has led to underestimating the multifocality of the 
tympanic and jugular paragangliomas in the past (Fig. 4.1). 

Several authors have reported surgical evidence of separate tumors 
within the temporal bone, further supporting the possibility of multicen- 
tricity in the tympanic-jugular location (Berg 1950; Buckingham et al. 
1959; Samy and Hashem 1962; Rosenwasser 1968, 1974). 

Retrospective analysis of the origin of tumors reported before the mid- 
1970s is difficult, because the lesions tended to be diagnosed after they 
were advanced, and the radiological techniques used were not sufficient- 
ly sophisticated to provide the answers to the questions asked now. 

The ascending pharyngeal artery is a unique link between paragan- 
gliomas in the tympanic, jugular, vagal, carotid, and laryngeal locations, 
as each of these territories is supplied by a different branch of this artery. 

Other branchial arteries, the internal maxillary artery more rostrally 
and the superior and inferior laryngeal arteries more caudally, primarily 
supply paragangliomas that develop in their respective territories. 
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Fig. 4.1. Tympanojugular para- 
ganglioma: patterns of invasion 
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Table 4.5. Evolutive classification of temporal paragangliomas (from Alford and Guil- 
ford 1962) 





Presenting symptoms 


Additional clinical findings 


Stage 0 


Hearing loss and/or pulsatile 
tinnitus 


Discolored tympanic membrane 
conductive hearing loss 


Stage 1 


. (otorrhea 

+ Discharge , . . . 

b (otorrhagia 


+ Bulging or polypoid mass 
in the EAC 


Stage 2 


+ VII - aural pain-l- 


Perceptive hearing loss 


Stage 3 


+ IX nerve neuralgia 


+ Palsy IX, X, XII, 
± XI 


Stage 4 


+ Intracranial symptoms 
(ataxia) 


+ Complete cranial nerve 
paralysis from III to XII 

• Papilledema 

• Metastasis 



Comments: Metastasis is presented as a predictable evolution of the tumors. Could 
they be malignant at stage 1 or 2? Could they remain benign? EAC, external auditory 
canal. 



4.5 Natural History 

Spontaneous regression of paragangliomas has never been reported. The 
growth is generally slow, but it can be rapid or associated with additional 
tumors in other territories. 

The therapeutic strategy will also be based on the answers to the fol- 
lowing questions: is the lesion malignant? Can a paraganglioma become 
malignant? 

If Alford and Guilford’s staged classification (1962) is true, any para- 
ganglioma (Table 4.5) will eventually become malignant (stage 4), if their 
local invasion does not compromise the life of the patient first. 
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Table 4.6. Life expectancy of patients with temporal 
paragangliomas (from Harrison 1974; personal survival 
statistics) 



7 1 % of patients alive and well at 5 years 
29% of patients alive and well at 10 years 
17% of patients alive and well at 15 years 
10% of patients alive and well at 20 years 



According to Harrison’s (1974) series of paragangliomas of the tempo- 
ral area (Table 4.6), the mean age of the patients presenting with this so- 
called benign tumor is 45 years (see Sect. 4.3), and their life expectancy is 
34 years. It is, however, important to note that only 10% of patients pre- 
senting with a temporal paraganglioma are alive and well 20 years after 
the discovery of their tumors. 

Therefore, since we consider that lymph node invasion and metastasis 
are the only manifestations of malignancy, every reasonable attempt to 
totally remove the lesion should be made and any incomplete treatment 
discouraged. Delay in radical treatment while waiting for symptoms such 
as cranial nerve involvement to justify an aggressive approach should be 
avoided. Pretherapeutic evaluation will endeavor to find the safest way to 
cure the patient of the tumor and to disclose an existing but asympto- 
matic associated lesion. 



4.6 Clinical Aspects 

Two clinical aspects of branchial paragangliomas should be considered: 
the tumor itself and the neurocristopathy. 

The symptoms of paragangliomas are related to the primary location 
of the tumor. Schematically, three syndromes can be described: tympan- 
ic, jugular and caroticovagal. The symptomatology (mass, bruit, cranial 
nerve palsies, pain), is usually progressive (typically neoplastic) but may 
be fluctuating, acute, or even regressive (pseudovascular). Gaillard et al. 
(1978) related this phenomenon to possible intratumoral hemorrhage or 
peritumoral inflammatory reaction. 



4.6.1 Tympanic Paragangliomas 

Tympanic paragangliomas are often considered as a unique entity be- 
cause they are usually already large at the time of diagnosis (Tables 4.7, 
4.8). However, specific features can be recognized. 

The most prominent symptom is the presence of pulsatile tinnitus, 
which usually increases during effort, and often decreases with the Valsal- 
va maneuver or cervical vascular compression. It is present early in the 
history of the disease because of bone conduction at the promontory; it 
may be intermittent but progressively more intense and intolerable. Typ- 
ically unilateral, it is always related to the arterial pulsation. Tinnitus is 
usually not associated with headaches. 





Tympanic Paragangliomas 237 



Table 4.7. Temporal paragangliomas: presenting symptoms 



Hearing loss (perceptive or conductive) 

Pulsatile tinnitus 

Vllth nerve palsy 

Discharge 

Pain 



Vertigo 

Hemorrhage (otorrhagia) 

Lower cranial nerve palsy 

Mass effect (EAC, pharyngeal, mastoid) 



Table 4.8. Classification of temporal paragangliomas (72 patients over 12 years) 
(from Fisch et al. 1982 and Valavanis et al. 1983) 



Type a 


Tumor limited to the 


Surgery (tympanoplastic 


6 (8%) 


middle ear cavity 


techniques) 


Type B 


Tumor limited to the 


Surgery (tympanoplastic 


Mastoid 


tympanomastoid (without 


techniques) 


16 (22%) 


infralabyrinthic extension) 




Type C 


Cl and C2 destroy the jugular 


Surgery (infratemporal 


Petrous 


foramen and ascending 


techniques) 


pyramid 


portion of carotid canal 


ICA: 10% suture or ligature 


extensions 


C3 extension to the petrous 


90% intact 


33 (47%) 


pyramid. 


Lower cranial nerves: 
IX lost in Cl 
IX, X lost in C2 
IX, X, XI lsot in C3 


Type D 


D1 < 2 cm 


Surgery (infratemporal) 


Intracranial 


D2 > 2 cm 


± Neurosurgery 


Intradural 


D3 inoperable intra- 


ICA: 100% intact 


17 (23%) 


cranial 


Lower cranial nerves: 




Extension (?) 


IX, X, XI lost 



Comments: - Extradural extension although intracranial does not affect 

the classification. 

- No reference is made to: exocranial extension, jugular vein 
occlusion and lateral sinus patency, false intracranial extension. 



Any subjective bruit described as a buzzing or roaring is unlikely to be 
due to a tympanic paraganglioma. As the tumor evolves, the disappear- 
ance of tinnitus indicates cochlear destruction. 

Conductive hearing loss, otorrhagia, seventh nerve palsy, and reddish 
or bluish bulging of the tympanic membrane complete the typical pres- 
entation of a tympanic paraganglioma. 

In 30% of cases, seventh nerve palsies occur acutely (Spector 1973). 
They can regress spontaneously, thus leading to the incorrect diagnosis of 
Bell’s palsy. They are thought to be related to transient arterial steal fol- 
lowing activation of arteriovenous shunt within the tumor. Further 
growth of the tumor will lead to its extension towards the mastoid cells, 
with retroauricular pain, and mass effect in the external auditory canal, 
parapharyngeal space, and petrous apex. 

Medial extension toward the inner ear will cause additional symptoms 
such as perceptive deafness and vertigo. Posteromedial growth toward the 
jugular bulb and pars nervosa will produce other cranial nerve manifes- 
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tations. In general, when one considers the diagnosis, tympanic paragan- 
gliomas can be recognized and treated at an early stage when the tumor is 
still small, preserving hearing function. 



4.6.2 Jugular Paragangliomas 

Jugular paragangliomas typically present with a jugular foramen syn- 
drome (Vernet’s syndrome), which includes paralysis of the fourth, fifth, 
and 11th cranial nerves. At this stage, they are already large tumors. 

Jugular paragangliomas can produce minimal symptoms such as hy- 
poglossal neuralgia (sore throat without infection) for an extended peri- 
od of time. Intermittent pulsatile tinnitus is often neglected, even at the 
stage of cranial nerve involvement, but is remembered by the patient after 
embolization, when it disappears and is replaced by what is described as 
complete silence. The tinnitus may be nonpulsatile and is probably related 
to slightly turbulent jugular vein circulation from the intraluminal tumor 
extension. Retroauricular pain can also be encountered when lateral ex- 
pansion of the tumors occurs. Later, when the lower cranial nerves are 
impaired, cough due to aspiration, hoarseness, uvular displacement, and 
sternocleidomastoid and trapezoid muscle paralysis will be noted. 

The venous occlusion of the internal jugular vein and retrograde adja- 
cent extension in its tributaries, either by the tumor or induced thrombo- 
sis, usually has no specific clinical manifestations. However, vertigo and 
hearing loss may occur without obvious inner ear extension of the tumor. 

A 12th nerve palsy is usually combined with facial nerve involvement, 
following progressing tumor growth, but it may occur before the 11th 
nerve palsy. In our experience, function of the 11th nerve is often pre- 
served for a long time. 

In this location, further extension occurs toward the tympanic cavity 
(i.e., local multicentricity) and intracranially. Although they usually re- 
main extradural for a long time, large jugular paragangliomas have also 
been reported in the intradural cerebellopontine angle (D type, Fisch’s 
classification), where they produce cerebellar symptoms and increased 
intracranial pressure. Forty percent of jugular paragangliomas were 
thought by Glenner and Grimley (1974) to have an intracranial extension. 
Only one of 37 patients in our experience had intracranial extension; how- 
ever, four had either a false angiographic extension or strictly extradural 
spread (Fig. 4.2). Compression of the motor pathways in the posterior fos- 
sa and subarachnoid hemorrhage occur rarely (Moody et al. 1976). 



4.6.3 Cervical Paragangliomas 

Cervical paragangliomas have in common a cervical mass effect, but 
some specific findings can help to differentiate the vagal from the carotid 
forms (Fig. 4.3). 

Carotid paragangliomas present as pulsatile expansile masses and 
when they occur as single, isolated lesions are usually associated with few 
other symptoms (Fig. 4.4). However, although the mass is typically cervi- 
cal, it may extend into the parapharyngeal space (10% in Zak and Law- 
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Fig. 4.2A-D. A 56-year-old man with a right recurrent jugular paraganglioma and 
seventh to 12th cranial nerve palsies and long tract deficits (motor and cerebellar). 
Note on the CT sections (A, B) the bone destruction and cerebral venous drainage. 
On the right vertebral angiogram (C, D), note the extradural extension fed by the 
odontoid arterial arch (arrow) and the occipital branches (proximally ligated during 
the previous surgical attempt) ( open arrow). The cerebellopontine extension recruits 
intradural supply from anterior inferior cerebellar artery displaced superiorly ( arrow- 
heads ), and posterior inferior cerebellar artery inferiorly ( double arrowhead). Note 
the bilateral venous drainage of the tumor ( curved arrow), and the upper venous 
ectasia ( arrowhead ) 
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Fig. 4.3. A Diagrammatic 
illustration of the relationship 
between vagal ( VT) and carotid 
(CT) tumors and the large 
vessels of the neck. CC, com- 
mon carotid artery; ECA, exter- 
nal carotid artery; ICA, internal 
carotid artery; IJV, internal 
jugular vein. B Left carotid 
angiogram in a 50-year-old 
woman with a left temporo- 
jugular, vagal, and carotid body 
paraganglioma following 
polyvinyl alcohol embolization 
of the external carotid branch- 
es (asterisk). Note the displace- 
ment of the vessels related to 
the vagal ( arrows ) and carotid 
(arrowheads) tumors 



Fig. 4.4A-C. A 37-year-old woman presented with a 2-month history of fullness of 
the right side of the neck. On enhanced CT, there was (A) evidence of a homoge- 
neously enhancing mass lesion that was displacing the external carotid artery for- 
ward (arrow) and the internal carotid artery posteriorly (double arrows). Common 
carotid angiogram (B) and proximal external carotid angiogram (C) in lateral views 
confirm this displacement by a mass lesion at the crotch of the carotid bifurcation 
receiving most of its supply from the ascending pharyngeal artery (arrow), which 
was embolized with medium-sized particles of polyvinyl alcohol and subsequently 
removed surgically without difficulty 
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Table 4.9. Carotid paragangliomas: clinical presentation 
in over 254 patients (from Zak and Lawson 1982) 



Symptoms 


Pain 


19% 


Dysphagia 


11% 


Syncope 


9% 


Hoarseness 


8% 


Horner’s syndrome 


7% 


Xllth nerve deficit 


2% 



Table 4.10. Vagal paraganglio- 
mas: peripheral nervous system 
involvement 



Symptoms 


X 


24% 


XII 


14% 


IX 


11% 


XI 


8% 


Horner’s syndrome 


11% 



son’s review) (Table 4.9) or even into the oral cavity or larynx. This ap- 
parently contradictory behavior, extensive regional spread at the time of 
diagnosis of a slow-growing lesion, may be explained by the multicentric 
origin of the various components of the mass. 

Cranial nerve involvement is rare with isolated carotid paragangliomas 
and has been reported in patients with large (or multicentric) lesions. 
Typically, the superior laryngeal nerve (leading to the hoarseness per- 
ceived by the patient) and the descending branch of the 12th nerve are af- 
fected. The unilateral hemiatrophy and tongue fasciculation produced by 
the involvement of the 12th nerve are generally not noticed by the patient. 

Horner’s syndrome and cerebral infarction may result from local in- 
vasion, the latter caused by internal carotid artery occlusion following tu- 
mor extension into the arterial wall. 

Vagal paragangliomas demonstrate some characteristic features relat- 
ed to the site of origin of the mass within the neurovascular bundle of the 
neck, adjacent to the pharyngeal wall and high in the cervical space. The 
most frequent presenting symptom is a mass in the cervical (78%) or pha- 
ryngeal (44%) spaces (Fig. 4.5). 

Thirty percent of patients have cranial nerve impairment (Table 4.10), 
which frequently manifests by neck hypoesthesia and pharyngeal pain. 
The high incidence of symptoms of peripheral cranial nerve involvement 
is probably related to the tight neurovascular compartment in which the 
tumor arises. 

In our experience, a female in her 40s with a painful pharyngeal mass, 
associated with tenth and 12th nerve impairment, has a very high chance 
of having a vagal paraganglioma; tumors in this location and population 
are more likely to be malignant (3/37 vagal tumors in our series were ma- 
lignant; all were in female patients 16, 40 and 45 years of age) (Fig. 4.5). 

Vagal paragangliomas may arise from paraganglions in two locations: in- 
travagal at or below the ganglion nodosa and extravagal. Those arising from 
intravagal paraganglions rapidly produce vagal nerve impairment and gen- 
erally do not permit preservation of the nerve during tumor resection, while 
with tumors arising from extravagal paraganglions, the vagal nerve can of- 
ten be preserved even when the tumor is large. As with paragangliomas in 
other locations, further growth results in extension to the base of the skull 
or intracranial contents. Again, it is difficult to know whether this pattern 
reflects multicentric origin or malignant expression, as is classic for jugular 
tumors with destruction of the base of the skull (Rosenwasser 1958). 
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C D 



Fig. 4.5. A 16-year-old female patient presenting with a left cervical mass (A) and ip- ► 
silateral 12th nerve palsy (B). A vagal paraganglioma was embolized and removed 
entirely. However, 6 months later, the patient was readmitted for progressive paraple- 
gia. Spinal angiography (C-G) demonstrates metastases in the low thoracic spine (C), 
mid-thoracic epidural space (D), cervical space (E), and paraspinal tissue (F). G Dis- 
placement of the artery of Adamkiewicz due to an intraspinal metastasis as well as 
extraspinal disease 
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4.6.4 Paragangliomas in Other Locations 

Paragangliomas that arise in atypical locations within the head and neck 
regions are much more difficult to diagnose and generally require biopsy. 
Delay in specific diagnosis, unfortunately, frequently leads to delay in ap- 
propriate treatment. 

Those that present in the nasopharynx are frequently misdiagnosed as 
pharyngeal carcinomas, as they develop in the same age group. Unfortu- 
nately, some may even be irradiated without a diagnostic biopsy. These le- 
sions are infrequent, so it is difficult to characterize their clinical features. 

Prabhaker (1984) reported a 7-year-old girl with a sellar paragan- 
glioma who presented with a skull base syndrome involving most of the 
left cranial nerves and recurrent episodic reversible ophthalmoplegia. 
The computed tomography (CT) findings were those of a solid mass con- 
taining a cystic (or necrotic) lucency (Fig. 4.6). 

Laryngeal paragangliomas are also rare, but can be diagnosed early due 
to their localizing symptomatology: hoarseness (70%), dyspnea (43%) 




Fig. 4.6. Right ascending pharyngeal (A) and internal carotid (B) angiograms, in a 
65-year-old patient complaining of a moderately painful chronic parapharyngeal 
mass. A large vagal paraganglioma ( asterisks ) was associated with an asymptomatic 
clival localization ( open arrow). Note the normal appearance of the pharyngeal ar- 
tery (arrow) and the discontinuity between the extra- and intracranial tumor masses 
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Table 4. 1 1 . Secretory activity: 
clinical manifestations 



Headache 

Hypertension 

Palpitation 

Diaphoresis 

Anxiety 



and pain. Like other paragangliomas, they can be endocrinologically ac- 
tive, multicentric, and malignant (see Chap. 5, this volume). 

Orbital paragangliomas are intraconal and present with nonpulsatile 
proptosis and decreased vision. Unfortunately, they produce no specific 
symptoms that differentiate them from other orbital tumors and require 
histological examination for diagnosis. Zak, after analyzing the cases re- 
ported in the literature, emphasized the local invasiveness of orbital para- 
gangliomas and their tendency to recur and metastasize. 



4.6.5 Secretory Paragangliomas 

The endocrine activity of some paragangliomas may infrequently pro- 
duce additional symptoms, although uncontrolled hypertension was re- 
ported in 17% of patients described by Somasundar et al. (2000), with 
biochemical screening in 40 out of 128 patients (17%) demonstrating 
hyperfunctional tumors in a series reported by Erickson et al. (2001) 
(Table 4.11). 

Manipulation of some secretory tumors, either by massage or during 
surgery, may produce hypertensive crisis requiring the pre- and intraop- 
erative use of a-adrenergic receptor-blocking agents and/or nitroprus- 
side (Strauss 1983). Elders (1962) reported a 12-year-old boy with a 
carotid body paraganglioma in whom massage of the tumor produced 
hypertension, sweating, and pallor. Its removal resulted in intractable 
hypotension and death. 

Less commonly, tumor manipulation may result in hypotension with 
black-out spells (Strauss 1983). Although we have noted no evidence of re- 
lease of catecholamines or serotonin during presurgical embolization 
procedures, blood pressure fluctuations usually stop once devasculariza- 
tion of the tumor is completed. In our experience, systolic blood pressure 
frequently decreases by 20 mmHg following embolization, even when no 
evidence of secretory activity was noted prior to treatment. 

Hypertensive crises have been reported to occur during angiography of 
secretory paragangliomas and require urgent therapy. This complication 
may be secondary to hypertonic contrast agents. If possible, secretory 
activity should be assessed prior to angiography and embolization, and 
appropriate antihypertensive agents should be readily available. 

Twenty functional paragangliomas included in Zak’s series were dis- 
tributed as follows: carotid (5), temporal (7) laryngeal (1), vagal (1) and 
ectopic (6). At histochemical examination, 12 were nonchromaffin and 
three were chromaffin tumors. A high level of the following substances 
was detected in samples of blood, urine, or tumor: total catecholamines, 
normetanephrine, and homovanillic acid. 

Strauss (1983) pointed out that malignant carotid and laryngeal para- 
gangliomas were more likely to have endocrine manifestations. Unfor- 
tunately, in this series, only metastatic tumors were included so that the 
relationship between secretion and malignancy could not be accurately 
assessed. 

We have observed three patients with hypertension, suggesting en- 
docrine activity in which biological evidence could not be obtained by 
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laboratory assays. In one of these, a 20-year-old woman with episodes of 
Bouveret tachycardia, a surgical attempt to remove a carotid paragan- 
glioma had to be interrupted because of fluctuating blood pressure. She 
then underwent embolization and reoperation with complete removal of 
the tumor, with no additional hemodynamic manifestations. 

We have wondered about a possible relationship between endocrine ac- 
tivity and the influence of a local angiogenic factor on the development of 
tumors. However, in two patients who demonstrated a peritumoral blush 
at angiography, we were not able to confirm the presence of a true abnor- 
mality underlying the blush, either at the time of postoperative follow-up 
angiography in one patient or at histological examination in the other. 



4.6.6 Associated Lesions 

Theoretically, numerous syndromes can be distinguished, depending 
upon the combination of paraganglioma and other tumors involving the 
cells of the APUD system. 

Carcinoid tumors, pheochromocytomas, pituitary adenomas, thyroid 
carcinomas, other secretory tumors, and neurofibromatosis have all been 
reported in association with paragangliomas. 

Albores et al. (1968) pointed out a parallel between the association of 
(a) carotid paragangliomas and thyroid adenomas and (b) papillary or 
follicular carcinomas and the more classic association of medullary thy- 
roid carcinoma and pheochromocytoma. 

In individual patients, these associations do not alter the diagnostic or 
therapeutic approach to the paraganglioma. They do, however, emphasize 
the need to consider all of the possible causes of symptoms in individuals 
with these tumors and the need to thoroughly investigate these patients 
prior to treatment. Regardless of the presence of additional lesions, radi- 
cal surgical removal (following embolization) of the paraganglioma is still 
the treatment of choice. 



4.7 Differential Diagnosis 

The differential diagnosis of the symptoms and/or mass aspect of para- 
gangliomas include a variety of anatomical variations and nonneoplastic 
diseases, listed in Tables 4.12 and 4.13. 

Normal anatomical vascular variants such as aberrant internal carotid 
flow in the tympanic cavity, persistent stapedial artery, osteodural arteri- 
ovenous shunts, and ectopic jugular bulb may all mimic the presence of a 
paraganglioma (van den Berg et al. 2002). 

A dominant jugular bulb may produce pulsatile tinnitus, partly be- 
cause it receives a normally pulsating venous flow from the inferior pet- 
rosal tributaries, which drain the cavernous sinus (Buckwalter et al. 1983). 
Aside from this entity, all other causes of objective pulsatile tinnitus are 
produced by arterial flow (Noyek et al. 1983). 

Moderate ectasia of the internal carotid bulb or dolicho-carotid artery 
may be associated with local pain, parapharyngeal mass effect, and even 
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Table 4.12. Differential diagnosis of jugular-tympanic 
paraganglioma (modified from Zak and Lawson 1982) 



Prominent jugular bulb 

Intratympanic course of internal carotid circulation 
Stapedial artery persistance 
Granuloma (tympanic) 

Neurogenic tumor (cochlear nerve, Jacobson’s nerve) 
Meningiomas (temporal bone) 

Metastasis (jugular foramen) 

Hemangiomas (osseous, tympanic) 



Table 4.13. Differential diagnosis of carotid paragangliomas (modified from Zak 
and Lawson 1982) 



Lymphadenitis 
Branchial cleft cyst 

Metastasis (thyroid cancer 2 , lymphoma, or Hodgkin’s disease) 
Neurogenic tumors 
Aneurysms 
Dolicocarotid sinus 



2 Thyroid carcinoma can be associated with cartoid body paragangliomas whereas 
medullary cancer of the thyroid is associated with pheochromocytoma. 



lower cranial nerve palsies, and may be mistaken for small carotid body 
tumors. Likewise, internal carotid artery aneurysms may simulate carotid, 
vagal, or tympanic paragangliomas by producing dysphagia, mass effect, 
cranial nerve palsies, and pulsatile tinnitus (Fig. 4.7) (Margolis etal. 1972). 
Among 20 patients with aneurysms of the internal carotid artery reported 
by Margolis et al. (1972), five were atherosclerotic, seven were congenital, 
six were traumatic, and two were secondary to local infection (mycotic). 
They may be associated with other aneurysms or vascular lesions, and the 
associated lesions may be the underlying cause of the symptoms (sub- 
arachnoid, hemorrhage, traumatic carotid cavernous fistulae, etc.). 

Postoperative symptomatic scar tissue, which is difficult to diagnose, 
may cause recurrence of symptoms. Lastly, nonneoplastic lesions such as 
enlarged lymph nodes or branchial cysts may transmit carotid pulsations, 
simulating pulsatile tinnitus. 

The congenital vascular anomalies can be assessed or predicted from a 
careful study of the foramina using high-resolution CT. The carotid and 
dominant vertebral artery injections with proper analysis of the venous 
phase provide definitive confirmation of any of the congenital or acquired 
vascular causes of tinnitus. 

Because of the importance of establishing the correct diagnosis, we still 
recommend selective angiography as the method of choice for confirma- 
tion or exclusion of the diagnosis, despite improvements in magnetic res- 
onance imaging (MRI) technology. 

The discovery of a congenital anatomical variant or other vascular ab- 
normality during the investigation of a symptomatic patient, in whom 
one has anticipated the presence of a surgically treatable tumor, often 
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Fig. 4.7. Left common carotid 
angiogram, (A) early and (B) 
late phases, in a 32-year-old 
female patient presenting with 
a painful cervical pulsatile 
mass, thought to be a carotid 
body tumor. Note the giant 
aneurysm of the cervical inter- 
nal carotid body ( double 
arrow). Turbulent flow in the 
pouch ( open curved arrow) 
is followed by filling of the 
distal cervical internal carotid 
artery ( curved arrow) 



leads to confusion regarding the most appropriate management. One 
must be careful to avoid the temptation of overly aggressive treatment. 

Other tumors that enter the differential diagnosis of paragangliomas 
are listed in Tables 4.14 and 4.15. The final diagnosis rests with the histo- 
logical findings in the surgical specimen. 

Metastatic disease involving the jugular and carotid lymph nodes may 
simulate paragangliomas, especially when they are hypervascular at an- 
giography and the primary tumor is not appreciated. 

Meningiomas that are purely tympanic in location may be mistaken for 
paragangliomas, even at histological examination, but can be distinguished 
from them at angiography. On the other hand, their therapeutic manage- 
ment is the same with embolization followed by surgical resection (Fig. 4.8). 

Neurogenic tumors are fairly common in the parapharyngeal space; 
less commonly they can occur at the jugular or hypoglossal foramina. In 
the few cases we studied, the tumors were all supplied by the ascending 
pharyngeal artery but were less vascular than most paragangliomas. The 
clinical features may be helpful in distinguishing these lesions, as they 
tend to have early neurological deficits (Fujiwara et al. 1980; Chang and 
Schi 1984). Similarities to cervical paragangliomas include hoarseness, 
dysphasia, and pulsation. These tumors may be malignant and are ra- 
dioresistant, thus their management also includes embolization and sur- 
gical resection (Fig. 4.9). 

Primary malignant tumors or metastases can be highly vascular and a 
specific diagnosis at angiography may not be possible. Cerebellopontine 
angle tumors such as acoustic neurinomas and hemangioblastomas may 
be supplied by the external carotid artery, but generally have a different 
angiographic blush compared to paragangliomas. 



Table 4.14. Primary lesions in- 
volving the petrous apex (from 
Flood 1984) 



Epidermoid cyst 
Mesenchymal tumor 
Eosinophilic granuloma 
Primary mucocele 
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Fig. 4.8. A 48-year-old female 
patient presented with progres- 
sive deafness related to a strict- 
ly intratympanic meningioma. 
Note the typical psammoma 
(arrowhead) on the pathologi- 
cal section 




Fig. 4.9. A 55-year-old woman 
presenting with progressive 
deafness of the right ear, related 
to an intratympanic neurofi- 
broma involving Jacobson’s 
nerve. Note the cutaneous 
manifestations of von Reck- 
linghausen’s disease (neuro- 
fibromatosis) 




Table 4.15. Secondary lesions involving the petrous apex (from Flood 1984) 



Osteomyelitis 

Direct tumor 
spread 



Erosion by disseminated 
tumor 

Other osteolytic 
process 



Secondary to mastoiditis 
Secondary to malignant external otitis 

Nasopharyngeal carcinoma of the clivus. 

Paraganglioma 

Neurogenic tumors (V-XII) 

Meningioma 

Metastatic carcinoma 
Lymphoma 

Sphenoid mucocele 

Aneurysm of the internal carotid artery 
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One of our patients was referred to us with the diagnosis of tympano- 
jugular paraganglioma on the basis of lower cranial nerve palsies and low 
cerebellopontine angle tumor associated with bluish discoloration of the 
tympanic membrane. Increased intracranial pressure due to the size of 
the mass led to ventricular shunting. Pulsatile tinnitus could not be ex- 
pected since the patient had deafness related to the cerebellopontine 
angle lesion. Clinical examination revealed a bluish discoloration of the 
external ear, including the helix and external auditory canal. Aside from 
these latter findings, the features were felt to be consistent with the diag- 
nosis of a branchial paraganglioma. However, tympanic tumors do not 
produce discoloration of the helix and this abnormality was found to be 
caused by a venous vascular malformation, present since birth. The cere- 
bellopontine angle tumor was a malignant melanoma. 

Most bone tumors have CT findings that distinguish them from para- 
gangliomas, although vascular malformations involving the bone may 
have some features in common (Glasscock et al. 1984). 

Ascending pharyngeal angiography will nearly always confirm or rule 
out the diagnosis of a suspected branchial paraganglioma. Absence of the 
typical appearance of the tumor blush seen with paragangliomas essen- 
tially excludes that diagnosis. Other branchial lesions that may occur, 
in order of decreasing angiographic tumor vascularity, include metas- 
tases, hemangiomas, meningiomas, neurogenic tumors, and lymphatic 
neoplasia. 



4.8 Pretherapeutic Evaluation 

Although the clinical presentation is often strongly suggestive of the di- 
agnosis of a branchial paraganglioma, CT examination is useful and nec- 
essary in demonstrating or ruling out vascular variants that may simulate 
paragangliomas and in demonstrating the topography of large masses 
(Figs. 4.2, 4.10). As with other mass lesions, the examination should be 
performed with and without contrast enhancement and should be filmed 
or at least viewed at bone as well at soft tissue windows. Direct coronal im- 
ages are indispensable in the presence of cervical or base of the skull mass 
lesions, and thin (1. 0-3.0 mm) sections are necessary to evaluate the 
petrous temporal bones. The following structures should be specifically 
examined: the carotid canal, inner and middle ear, cerebellopontine angle, 
mastoid process, cervical vessels, and pterygoid muscles, as involvement 
of these structures will modify the surgical and embolization approaches 
(Figs. 4.2, 4.10). On MRI, small areas of signal void can be identified with- 
in the soft tissue mass lesion, and intense homogeneous enhancement of 
the paraganglioma occurs following contrast administration. The exten- 
sion towards the venous system as well as transdural intracranial exten- 
sion is often best demonstrated with enhanced MRI examination while 
the margins of osseous destruction are better shown with high-resolution 
CT. While CT and MRI are mandatory for the purpose of investigation, 
their findings are not always characteristic of paragangliomas and can be 
mimicked by benign or malignant nerve sheath tumors. In a review of 236 
patients with 297 paragangliomas, Erickson et al. (2001) demonstrated 
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Fig.4.10A-J. A 42 -year-old man presented with a 2-month history of increasing dif- 
ficulty swallowing. CT (A) and Tl-weighted MRI, without (B) and following contrast 
enhancement (C), showed evidence of an enhancing soft tissue mass lesion associat- 
ed with bony destruction adjacent to the jugular bulb level (arrows). External carotid 
angiogram in lateral view (D) and selective ascending pharyngeal (E) and posterior 
auricular (F) injections in lateral views show distinct tumor blush at jugular bulb 
level. Following selective presurgical embolization with medium-sized particles of 
polyvinyl alcohol in the individual branches of the external carotid supplying the 
tumor after embolization, external carotid angiogram in lateral view (G) shows 
complete devascularization of the tumor. H-J see p. 252 
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Fig. 4.10 ( continued ). Complete surgical removal was achieved and the pathological 
examination (H-J) demonstrated characteristic bony trabeculae invasion by nests of 
neoplastic cells, which immunohistochemically stain positive for synaptophysin (I) 
and chromogranin A, while staining for S100 (J) demonstrates sustentacular cell (ar- 
row) characteristic of paraganglion tissue 



that among all the imaging modalities, MRI was the least likely to fail to 
demonstrate the presence of the tumor. 

Superselective angiography remains strongly indicated if a paragan- 
glioma is suspected, and doing it before a biopsy procedure is highly rec- 
ommended. 



4.8.1 Angiographic Protocol 

The arterial feeders that should be selectively catheterized can usually be 
predicted from the topography of the mass demonstrated on the CT ex- 
amination. Embolization is done at the time of diagnostic angiography. 

The typical angiographic features of paragangliomas include moderate 
enlargement of the feeding arteries, an early, intense parenchymal blush, 
and rapid venous filling. As previously discussed, some tumors are opaci- 
fied by a single feeding artery, while others are supplied by several (van 
den Berg et al. 2002). After all possible arterial supply has been studied, 
the most effective and safest route for embolization can be selected. 



4.8.2 Temporal Paragangliomas: Specific Features 

The arteries that should be studied selectively include the ipsilateral 
vertebral, internal carotid, distal external carotid, posterior auricular, and 
occipital arteries and the ascending pharyngeal artery bilaterally (ipsilat- 
eral neuromeningeal and inferior tympanic branches) (Figs. 4.10, 4.11). 
The late phase of the dominant vertebral artery injection is also necessary 
for visualization of the venous flow pattern. Jugular vein occlusion will be 
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Fig. 4.11A-M. A 40-year-old man presenting with pulsatile bruit in the left ear and 
ipsilateral lower cranial nerve palsies. A Early and B late phases of the dominant (left) 
vertebral artery. Note the absence of the cerebellopontine angle arterial supply, the 
occlusion of the left jugular foramen (asterisk), and the venous collateral circulation 
via the mastoid foramen (arrow). C-M see pp. 254-256 
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Fig. 4.11 ( continued ). Normal left internal carotid (C) and middle meningeal artery 
(D) angiograms. Selective injection in the auricular branch of an occipitoauricular 
trunk (E, F) shows arterial supply to the tumor via the stylomastoid artery ( arrow- 
head ) and venous drainage via the mastoid ( curved arrow) and posterior condyloid 
( open arrow) canals. G-M see pp. 255, 256 



demonstrated and the collateral venous drainage outlined. However, a 
larger arteriovenous shunt within a tumor draining into the internal jugu- 
lar vein may produce a wash-out of contrast within this vein and lead to 
the erroneous diagnosis of venous occlusion. In the presence of true tu- 
mor invasion, a discrete intraluminal filling defect will be seen on the ve- 
nous phase, and selective arterial injections will demonstrate a tumor 
blush within the vein. In patients whose jugular vein is not clearly seen 
due to wash-out, its patency should be confirmed by repeat vertebral an- 
giography following embolization (Fig. 4.12). 
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Fig. 4.11 ( continued ). G Postembolization injections into the proximal occipitoauric- 
ular trunk and (H) proximal ascending pharyngeal artery. Note the pharyngeal 
branch (arrow) and the venous drainage of the tumor into the mastoid ( curved ar- 
row) and the posterior condyloid (open arrow) veins. I Selective injection of the pos- 
terior branch of the ascending pharyngeal artery (arrow) demonstrates the venous 
drainage of the tumor into the mastoid (curved arrow) and the posterior condyloid 
(open arrow) veins. J Control in the pharyngeal artery after embolization of the pos- 
terior branch (asterisk). Note the patency of the pharyngeal branch (arrow) and the 
additional tumoral stain proximal on the artery (solid arrow). K Injection in the as- 
cending pharyngeal artery on the opposite side shows the same type of proximal 
stain (solid arrow). L,M see p. 256 
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Fig. 4.11 ( continued ). L Selective injection of the musculospinal artery ( solid curved 
arrow), and the follow-up study of the ascending pharyngeal trunk (M) shows satis- 
factory occlusion of the feeder (asterisk). The three lesions were removed in one sur- 
gical session. The temporal lesion was a typical tympanojugular paraganglioma, 
whereas both cervical ones were lymph node metastases 



1. Intradural posterior fossa extension (Fig. 4.2) must be carefully distin- 
guished from extradural or extracranial tumor, in order to avoid mis- 
interpretation that could result in avoidance of surgery in potentially 
resectable lesions. A tumor blush is frequently seen at or caudal to the 
level of the temporal bone on vertebral angiograms, but in most in- 
stances it originates from the extradural branches of the vertebral ar- 
tery at Cl, C2, or C3, and is extradural tumor. True intradural tumor 
spread is best confirmed or ruled out by careful analysis of the ipsilat- 
eral anterior inferior cerebellar artery (AICA) and posterior inferior 
cerebellar artery (PICA) territories in Townes’s projection, as the in- 
tradural tumor will be supplied by branches of these arteries. Compar- 
ison of the vertebral angiographic findings with those from the ipsilat- 
eral selective occipital and ascending pharyngeal injections usually 
provides an accurate assessment of tumor extent. Misinterpretation of 
the tumor blush produced by the extradural vertebral artery branches 
may account for the high incidence (40%) of intracranial extension re- 
ported by Farrior et al. (1980). 

2. Carotid canal invasion is diagnosed by the detection of soft tissue mass 
and bone destruction involving the carotid canal on CT or MRI exam- 
ination, associated with narrowing of the intrapetrous carotid artery at 
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B C 

Fig. 4.12A-C. Jugular paraganglioma. A Early and B late phases of the ascending 
pharyngeal artery injection. C Ipsilateral occipital artery angiogram. Note how the 
intraluminal jugular vein tumor delineates the lower extension of the lesion. Distal 
jugular vein injection is obtained through the tumoral arteriovenous shunt, which 
shadows the inferior convex margin of the paraganglioma (arrows) 



angiography. Arterial supply to the tumor (e.g., tympanic paragan- 
glioma) by branches of the internal carotid artery does not necessarily 
signify invasion of the carotid canal. The internal carotid artery con- 
stantly has a branch to the tympanic cavity through a small foramen 
posterior to the petrous angle of the vessel. The Stenvers projection, in 
which the X-ray beam is perpendicular to the intrapetrous carotid ar- 
tery, best demonstrates the free bony margin between the vessel and the 
tumor blush. 

3. Angiographic blush in the region of the petrous bone adjacent to the 
soft tissue mass outlined on CT or MRI examination may correspond 
to increased vascularity of healthy tissue, probably the result of mucos- 
al congestion. 



4.8.3 Cervical Paragangliomas: Specific Features 

The arteries that should be selectively injected in the investigation of a 
suspected cervical paraganglioma include the ipsilateral vertebral, proxi- 
mal internal carotid, facial, lingual, superior laryngeal, carotid body 
artery, ascending cervical, inferior laryngeal and bilateral ascending 
pharyngeal arteries (Figs. 4.13, 4.14). 

Cervical paragangliomas frequently compress the internal jugular vein 
without parietal invasion. Unfortunately, true tumor involvement of the 
adventitia of the internal carotid artery is not rare. The pattern of vessel 
displacement is a useful distinguishing feature, as vagal paragangliomas 
typically displace the internal carotid artery anteriorly and medially, 
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Fig. 4.13A-F. A 15-year-old female patient presenting with a left cervical mass. 
A Early and B late phases of the dominant left vertebral artery injection demon- 
strates a vagal paraganglioma (arrow) and the extrinsic indentation of the jugular 
vein (arrowheads). C-F see p. 259 



whereas carotid paragangliomas displace the internal carotid artery lat- 
erally and posteriorly (Fig. 4.3). 

Bilateral disease can be effectively diagnosed or ruled out by selective 
contrast injection in the contralateral ascending pharyngeal artery, which 
is generally the first part of our angiographic study. Each of the 95 
branchial paragangliomas that we have studied was supplied at least par- 
tially by the ascending pharyngeal artery, and 20% of them received their 
blood supply exclusively from this vessel. Therefore, a normal contralat- 
eral ascending pharyngeal arteriogram eliminates the possibility of bilat- 
eral cervical paragangliomas. Only laryngeal and orbital lesions are sup- 
plied by other vessels (Figs. 4.11, 4.13). 

Angiographic features that suggest malignancy include arterial inva- 
sion and indistinctness of the tumor margins (after the entire puzzle re- 
construction is complete). 

Metastases have the same angiographic features as primary paragan- 
gliomas so that for those lesions that present in unusual locations in the 
head and neck, it may be impossible to distinguish between ectopic or 
metastatic tumors. 
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Fig. 4.13 ( continued ). C Left internal carotid injection shows posterior displacement 
by the tumor ( arrowheads ). D Selective injection of the pharyngeal artery demon- 
strates the tumoral supply via the musculospinal artery ( curved arrow). E Vertebral 
artery angiogram after embolization of the sole supply from the ascending pharyn- 
geal artery fails to demonstrate the tumor blush {arrow). F Opposite ascending pha- 
ryngeal angiogram discloses an additional lesion (arrow) fed by the musculospinal 
artery ( curved arrow). The tumors were removed in two surgical sessions and were 
found to be typical bilateral left vagal and right carotid paragangliomas 
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Fig. 4.14A, B. Inferior thyroidal artery injection (right anterior oblique projection). 
Early A and late B phases demonstrate large carotid body paraganglioma. Note the 
laryngeal extension ( double arrow) and the lymph node invasion (arrow) 



4.9 Therapeutic Strategies 

Like the treatment of other complex lesions of the head and neck area, op- 
timal therapy requires a multidisciplinary approach but will vary between 
different centers depending upon the skills of the available individuals. 

Interpretation of the results of various therapeutic modalities reported 
in the literature is difficult. In particular, is it often very difficult to distin- 
guish between recurrence, metastasis, and late manifestation of multicen- 
tricity. 

The efficacy of radiotherapy in the treatment of paragangliomas differs 
greatly in different series in the literature. Doses of 40 Gy or more have 
been reported to result in tumor control in over 90% of patients (Cum- 
mings et al. 1984), whereas two surgical series found only a 25% cure rate 
using radiotherapy (Ogura 1978; Spector et al. 1973). Gamma knife radio- 
surgery in a series of 66 patients with paragangliomas was noted to de- 
crease tumor size in 40%, and no change in tumor volume was noted in 
60% on 2-year follow-up after treatment (Liscak et al. 1999). It is recog- 
nized that the tumor cells are not radiosensitive, and the predominant ef- 
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fects of radiation are via induced vascular arteritis and fibrosis. Late com- 
plications such as brain necrosis are being recognized more frequently 
(Sharma 1984). 

We feel that the treatment of choice is complete removal of the tumor 
whenever possible, and this opinion is shared by many others in different 
centers (House and Glasscock 1974; Spector et al. 1973; Ogura 1978, Fisch 
1982). Complete surgical excision was possible in 95% of patients’ carotid 
body tumors with a perioperative morbidity of 2% (Nora et al. 1988). 

We believe that embolization is still underutilized in the management 
of paragangliomas. It is a safe and efficient method to devascularize these 
tumors (Gruber 2000a) and it can be used as the sole therapy for inoper- 
able tumors, where the objective is the stabilization of growth. 

There is electron microscopic evidence (Bosq 1983, unpublished data) 
that presurgical embolization with particles produces cellular damage, 
which can be irreversible and related to ischemia. Necrosis and fibrotic 
transformation of the tumor can also be observed. Therefore, if an ac- 
tive agent can be safely delivered into the tumor bed, one can expect com- 
plete control of the lesion with regression of some of the symptoms 
(Figs. 4.16, 4.17). 

Preoperative embolization allows for easier resection of the lesion and 
may allow resection of a tumor initially felt to be inoperable. Mean blood 
loss and mean operating time were shown to be significantly reduced 
when embolization was performed prior to surgical removal of the para- 
ganglioma (Tikkakoski et al. 1997). 



4.10 Technical Aspects of Embolization 

In most cases, embolization is performed prior to surgical resection, so 
that polyvinyl alcohol (PVA) particles of 150-250 pm in diameter are suf- 
ficient. The capillaries within the tumor measure about 200 pm in diame- 
ter. Liquid embolic agents should be used only in the treatment of inoper- 
able tumors and only when optimal flow control can be achieved. As with 
other tumors, there is no indication for the use of larger particles. 

The embolization techniques that we use are similar to those described 
in the treatment of other benign craniofacial tumors. Individual feeding 
arteries are selectively catheterized and embolized with PVA particles, 
and then the same arteries are occluded proximally using strips of 
Gelfoam. This proximal Gelfoam occlusion helps to promote the distal 
thrombosis induced by the small particles (Fig. 4.10,4.15). 

Special attention must be paid to the intracranial and orbital anasto- 
moses whenever the middle meningeal or occipital arteries are embolized. 

Angiographic series may be necessary during embolization in the as- 
cending pharyngeal artery, if the quality of the fluoroscopic image is not 
satisfactory to confirm the preferential flow towards the tumor. 

The ascending cervical and inferior laryngeal arteries can be safely em- 
bolized in most cases of large vagal or carotid lesions, but one must be 
aware of and avoid the possibility of flow toward the spinal artery and re- 
flux into the vertebral artery. 
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Fig. 4.15. A Pathological sec- 
tion of a cervical paraganglio- 
ma. Note the large vessel occlu- 
sion and the polyvinyl alcohol 
(PVA) particle in a small artery 
( arrowhead ). B Pathological 
section in a case of paragan- 
glioma, intraluminal PVA par- 
ticle (250 pm) 



In specific cases in which a compartment has to be reached more effec- 
tively (common compartment with the internal carotid artery or vertebral 
artery branches) microparticles, fluid material, or cytotoxic agents may 
be used (Figs. 4.16, 4.17). 

However, in Fisch’s classification, two specific stages present difficult 
situations for embolization. The D3 type, in which the AICA or the PICA 
supply the lesion, are almost never amenable to embolization. The C3 
type, with petrous apex involvement, on the other hand, can be controlled 
by sacrificing the internal carotid artery and proximal embolization. 

In exceptional cases, selective catheterization and embolization of the 
caroticotympanic artery can be performed, but we do not recommend 
this technique until after first attempting to reach the same territory via 
the ascending pharyngeal artery, with or without flow control. 
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Fig.4.16A,B. Electron microscopy of two separate paragangliomas. One was not em- 
bolized (A); the second one after embolization (B). Note the swelling of mitochon- 
dria (M) and lipoid vacuolization of the cytoplasm (IV) on the embolized lesion 
(N, nucleus). (Bosq, unpublished data; Institut Gustave Roussy, France) 
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Fig. 4.17. Pathological section 
of a vagal paraganglioma em- 
bolized with polyvinyl alcohol 
(160-pm particles) 1 year prior 
to its removal. Note the fibrotic 
transformation of most of the 
tumor 



4.1 1 Complications of Embolization of Paragangliomas 

In our series reported in 1983, we noted minor complications. In two pa- 
tients, extravasation of contrast medium below the tumor occurred dur- 
ing embolization and was probably related to the high pressure of injec- 
tion of embolic material. This problem involved catheterization of the in- 
ferior tympanic artery and embolization with particles in both cases, and 
has not occurred again in the past 20 years. 

One patient developed a transient facial nerve palsy following em- 
bolization of a large tympanomastoid paraganglioma, which involved the 
third portion of the facial nerve. 

Finally, embolization of the ascending pharyngeal artery with fluid 
agents may produce lower cranial nerve palsy, regardless of the skill of the 
angiographer. Therefore, the patient should always be warned in advance 
of this potential complication. 
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5.1 Thyrolaryngeal Tumors 

Most thyrolaryngeal tumors are malignant and although they are usually 
highly vascular (Zachrisson 1976), surgical resection is generally not lim- 
ited by intraoperative bleeding, and most of them are not referred for 
either diagnostic or therapeutic angiography. 

We have used embolization to treat patients with the following lesions: 

- Soft tissue and bony hemangiomas in adults 

- Capillary hemangiomas in children 

- Pharyngeal paragangliomas 

- Thyroidal paragangliomas (Fig. 5.1) 

- Malignant synoviomas 

- Parathyroid adenomas (Fig. 5.2) 

Pretherapeutic evaluation of thyrolaryngeal tumors (Noyek et al. 1983) 
includes ultrasound, radionuclide scanning, computed tomography (CT), 
and magnetic resonance imaging (MRI). It is well recognized that CT is of 
limited value in the specific diagnosis of these tumors (Laccourreye et al. 
1983), particularly in malignant ones. 

Thyrolaryngeal lesions illustrate the usefulness of angiographic proto- 
cols (Fig. 5.3) and also the hazards related to this specific territory, arteri- 
al supply to the laryngeal nerve, tracheal cartilages, etc. To our knowledge, 
thyroid gland dysfunction has not been reported following embolization. 

Highly vascularized tumors of this area usually require embolization of 
the superior and inferior thyroidal arteries bilaterally. 

Paragangliomas of the larynx, thyroid, or ectopic carotid body tumors 
(Zak and Lawson 1982; Ali et al. 1983; Marks and Brookes 1983) are rare. 
Their association with neuroendocrine tumors has been discussed in the 
section on temporal and parapharyngeal lesions (Chap. 4, this volume). 
Because paragangliomas are uncommon in this location, simultaneous 
parapharyngeal and thyroid tumors are usually related to thyroid malig- 
nancy or metastasis from pharyngeal carcinoma (Fig. 5.4). 

Hemangiopericytomas (Pesavento and Ferlito 1982; Hertzanu et al. 
1982) and other highly vascularized locally malignant lesions (Geachan et 
al. 1983) benefit from presurgical embolization. 
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Fig. 5.1A-D. A 55-year-old man presenting with progressive dysphonia. Laryn- 
goscopy shows a tumor mass along the left subglottic pharyngolaryngeal wall. No 
other lesions (mass or adenopathy) were found at clinical or CT examination (A, B). 
C Pretherapeutic evaluation shows a well-demarcated enhancing mass, highly vascu- 
larized, fed mainly by the superior laryngeal artery; it also received some supply 
from the opposite superior laryngeal and ipsilateral inferior laryngeal arteries (not 
shown). D Presurgical embolization with polyvinyl alcohol (160 pm) made total re- 
section of a laryngeal paraganglioma possible. Swallowing was normal 3 weeks after 
surgery 
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Fig. 5.2. A 26-year-old patient 
with hypercalcemia. Selective 
injection of the thymic branch 
of the right internal mammary 
artery demonstrates an upper 
mediastinal adenoma ( double 
arrow). Contrast material abla- 
tion was selected in this case, 
with excellent results. After 
5 years, the result remained sta- 
ble. No surgery has been done 





Fig. 5.3A, B. Patient presented with a goiter and thyrotoxicosis. Left (A) and right (B) 
superior thyroidal angiograms show hypervascularization of the thyroid tissue and 
the role played by the marginal arcade in the supply to the pyramid. Early venous fill- 
ing was observed without evidence of arteriovenous fistulae 
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Fig. 5.4A-C. A 50-year-old woman presented with multiple painful subcutaneous no- 
dules, paralysis of the ninth and tenth cranial nerves, and hypersecretion of thyrocal- 
citonin, without elevated carcinoembryonic antigen levels. A mass was prominent in 
the parapharyngeal space as shown on CT scan (A) and on latral view right ascending 
pharyngeal angiogram (B). No tumor could be palpated in the thyroid area. Histolog- 
ical examination of one of the nodules was consistent with a metastasis from an un- 
differentiated carcinoma, but certain staining characteristics were suggestive of a 
neuroendocrine tumor such as paraganglioma. This hypothesis was reinforced by the 
thyroid scintigram, which showed a nonfunctioning area within the left lobe while 
frontal view inferior thyroidal angiogram showed dense tumor blush on the left side 
(C). The final diagnosis following further surgery was a typical medullary thyroid car- 
cinoma with cutaneous lymph node and parapharyngeal metastasis 
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Fig. 5.5. Selective injection of the inferior laryngeal artery in a patient with a parathy- 
roid adenoma before (A) and after (B) therapeutic angiography. Two surgical proce- 
dures in this patient have modified the initial anatomical patterns, since the four 
thyroid arteries were ligated. Only the right side of the laryngeal arcade persisted, 
and this permitted retrograde opacification of the ventral branch of the superior 
laryngeal artery, which originates from the ascending pharyngeal artery. Note that 
the tracheal rings ( arrows ) are opacified following infusion of the contrast material 

Even though primary tumors of the thyrolaryngeal area are rarely 
treated by embolization, the thyroidal arteries are frequently used in en- 
dovascular techniques. They constitute one of the major sources of collat- 
eral circulation to the floor of the mouth and the carotid region and the- 
refore may be occluded during the embolization of lesions that arise in 
those territories. 

In presence of previous proximal ligation of the linguofacial system, the 
thyroidal channels often provide the sole access to the floor of the mouth. 

Parathyroid adenomas still represent a diagnostic challenge, with the 
exception of very large tumors; the available noninvasive techniques can 
rarely document the location of the hormone-secreting lesion ( Wolverson 
et al. 1981; Obley et al. 1984; Adams et al. 1981; Stock et al. 1981). Since 
Doppman’s (1980b) contribution to the angiographic approach to para- 
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thyroid adenomas and the review of venous sampling of Dunlop et al. 
(1980), little attention has been devoted to angiographic studies in this 
disease. 

Classic embolization of this type of tumor without surgical excision is 
always potentially incomplete. In our experience as well as in Doppman’s 
(1980b), parathyroid adenomas treated by particle embolization alone 
usually recur (Fig. 5.5). Tumor infusion with cytotoxic agents such as 
ethanol is attractive and can be done percutaneously under ultrasound 
guidance (Fig. 5.6). 



5.2 Craniofacial Tumors 

Therapeutic angiography for malignant lesions of the head and neck 

should be discussed for two different groups: 

1. Malignant or locally invasive lesions that have recurred following in- 
complete surgery. Some have already been illustrated or described in 
the chapters dealing with lesions of the scalp, meninges, nasopharynx, 
temporal, and laryngeal regions. 

2. Primary malignant lesions or metastasis in the head and neck area 
(Figs. 5.7, 5.8). 



Fig. 5.6A-D. A 34-year-old 
man presented with enlarging 
mass lesion over the right clav- 
icular region, associated with 
progressive pain syndrome. 
Plain film (A) demonstrates ex- 
pansion of medial aspect of 
right clavicle with course bony 
trabeculation. Right subclavian 
angiogram in early (B) and 
late (C) arterial phases demon- 
strates slight puddling of con- 
trast material in vascular 
spaces, which are better visual- 
ized during percutaneous in- 
jection (D) directly into the 
mass lesion (arrows). Corre- 
sponding direct injection of 
absolute alcohol into the bony 
hemangioma resulted in dra- 
matic and persistent relief of 
pain 
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Fig. 5.7. Selective external 
carotid angiogram in a case of 
metastatic adrenal carcinoma. 
Note the highly vascularized 
aspect of the lesion, which can 
easily be reached by endovas- 
cular approach. The patient 
was treated with 95% ethanol 
with good palliation 




The latter group does not make up a large part of the present practice 
of embolization. Ischemic damage is the main impact that endovascular 
treatment can cause. As a sole treatment, embolization should be reserved 
for nonsurgical lesions. 

Certain techniques may maximize the effect of particle embolization, 
in particular the rearrangement of the vascular supply to the lesion. In 
large tumors of the base of the skull and nasal fossa, the goal may be to 
reach as much of the tumor as possible with minimal side effects. The in- 
ternal maxillary, ascending pharyngeal, and internal carotid siphon bilat- 
erally are theoretically involved in the supply to the nasopharynx. In our 
cases, the lesions tended to be slightly lateralized and we then used a tech- 
nique that increased the role of one feeder to the territory. The contralat- 
eral branches of the internal maxillary and ascending pharyngeal arteries 
are embolized first. The remaining feeder is deliberately left open. A few 
weeks later, repeat angiography verifies the stability of the results and as- 
sesses the territory supplied by the internal maxillary or the ascending 
pharyngeal artery that has been left open. Catheterization of this branch 
then makes it possible to use more aggressive agents such as Gelfoam 
powder, cytotoxic chemotherapy, ethanol, microcapsules, etc. In our lim- 
ited experience with this technique, patients treated this way showed a 
spectacular decrease in the size of their mass lesions. 





A 



Fig. 5.8A-C. A 46-year-old female patient who had been treated for breast cancer 
presented with a skull base tumor. An attempt to biopsy led to profuse bleeding. 
No conclusive pathological diagnosis could be made. Internal carotid injection (A) 
shows a cavernous extension, which is probably extradural ( arrows ) from an ex- 
tracranial tumor. Note the mandibular remnant ( arrowhead ). Distal external carotid 
angiogram (B) shows a capillary enhancement of the tumor, which occupies the base 
of the skull and extends to the cavum as well as to the intradural region ( arrowhead ). 
Note the choroidal crescent visualized through a middle meningeal-ophthalmic ar- 
tery anastomosis. C Selective injection of the ascending pharyngeal artery showing 
posterior extension of the lesion and inferior part of its nasopharyngeal portion (ar- 
rowheads). Control of the supply to the area was achieved by particle embolization; 
the packing was removed and biopsy and surgical resection were achieved later. 
Pathology concluded breast cancer metastasis 
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Fig. 5.9 A-D. A 64-year-old female patient presented with persistent pain and mass 
effect from a progressively growing orbital and facial metastasis from thyroid carci- 
noma. Surgery, radiation therapy, and biological agents were either rejected or inef- 
fective. Polyvinyl alcohol embolization of the left distal external carotid and facial 
arteries was carried out. The ophthalmic artery also supplied the lesion and the eye 
was thought to be nonfunctional. No attempt was made to occlude this system, al- 
though catheterization of the ophthalmic artery could have been achieved. A Lateral 
and B frontal view of the lesion before embolization. C, D Four days after the em- 
bolization almost 30% of the mass was evacuated through the left nasal fossa with- 
out any bleeding. The pain disappeared simultaneously. The patient could see with 
the left eye although she had diplopia. Three years later this metastasis had not re- 
curred, but the patient died from metastases in other locations 
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Fig. 5.10. Selective internal carotid artery (A), ipsilateral (B), and opposite distal ex- 
ternal carotid artery (C) injections. A 56-year-old man presented with significant 
spontaneous epistaxis, which required packing and transfusion. Clinical examina- 
tion showed a tumor to be the source of the nose bleed and biopsy confirmed its 
metastatic nature. Embolization was performed to stabilize the bleeding and to facil- 
itate the surgical resection. Note the nonheterogeneous appearance of the blush, 
which was related to intratumoral necrosis and multicompartmental vascular 
arrangements: ethmoidal ( arrowhead ) and distal internal maxillary arterial ( open 
arrows) territories. The absence of supply from the septal branches of the contralat- 
eral internal maxillary artery ( small arrowhead) and of cross-filling of greater pala- 
tine artery collaterals ( curved arrows) from the opposite side is unusual. Note the in- 
cidental discovery of an additional metastasis in the mastoid region ( solid arrow, B) 
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Fig. 5.11. Proximal injection in the external carotid artery in a patient presenting 
with cancer of the base of the tongue extending to the floor of the mouth. Previous 
surgery, radiation therapy, and chemotherapy had stabilized this extensive lesion for 
a short period of time. The patient was referred as an emergency with acute intraoral 
hemorrhage. Cutaneous changes and postradiation therapy trismus made surgical 
control and analysis of the bleeding site extremely difficult. Note the changes involv- 
ing the proximal lingual artery. Embolization successfully controlled the bleeding 



In the future, manipulating the vascular supply in this fashion could 
possibly be combined with embolization of chemotherapeutic agents in 
the form of long-acting microcapsules, maintaining patency of the arteri- 
al route for future multiple courses of treatment. 

Embolization is also used in two other situations in patients with ma- 
lignant lesions: 

1. Prior to diagnostic biopsy where hemorrhagic complications are antic- 
ipated (particles should be used to preserve tissue diagnosis; Fig. 5.8) 

2. To treat complications of the disease or its treatment such as pain, hem- 
orrhage, and mass effect 

Malignant lesions always respond dramatically to particle embolization, 
probably because they are already in a subischemic state, as often seen 
at pathology. Embolization usually produces significant necrosis and a 
decrease in the mass effect in a few days (Fig. 5.9). 

Hemorrhage due to arterial ulceration may result from either tumor 
invasion or from postradiation necrosis. In both situations, control of the 
bleeding depends on accessibility. Arterial changes following radiation 
may compromise intravascular navigation. Surgical control of these hem- 
orrhages is usually very difficult. In the presence of intraoral bleeding due 
to lingual ulceration, associated with postradiation trismus, local com- 
pression of the involved area may be difficult. Embolization may be use- 
ful in controlling acute and chronic bleeding due to neoplastic ulceration 
(Figs. 5.10, 5.11). 

The overall prognosis of the tumor is obviously not significantly mod- 
ified by embolization; however, the quality of the remaining life is some- 
times dramatically improved. 
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6.1 Introduction 

Traumatic arteriovenous fistula (AVF) (Table 6.1) is an abnormal com- 
munication between an artery and a vein secondary to vessel injury. 
Therefore, it may be part of a more complex clinical situation where other 
structures such as soft tissues, bone, brain, and cranial or peripheral 
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nerves may also be injured. Fistulae may be part of other vascular abnor- 
malities such as preexisting developmental aneurysms or angiodysplasias, 
which are discussed in Chap. 7. There are sites where fistulae are likely to 
occur because the anatomical relationship between an artery and an 
adjacent or surrounding vein makes it likely for a ruptured or lacerated 
artery to communicate directly with a vein. The consequences of this 
acute hemodynamic change can occur at the site of the fistula, distal to the 
fistula, or be systemic or secondary to venous hypertension. 

Locally, secondary to venous dilatation and high flow, a pulsatile mass 
with a thrill may be apparent and a variable pitch bruit can be heard at the 
site of the fistula. A bruit can also be heard at other locations, depending 
on the venous drainage. This is a classic sign to assist in the clinical local- 
ization of fistulae, which are deep and impalpable or when bony struc- 
tures surround the fistula. Fistulae can also be discovered by the patient 
describing a new onset pulsatile tinnitus. 

A sudden deprivation of arterial blood flow in the territories neighbor- 
ing or distal to the fistula can produce ischemia. If the steal from the ar- 
teries supplying the brain is severe enough, then neurological changes 
may occur that can vary from mild transient insufficiency syndromes, 
such as dizziness, unsteadiness, or other circulatory insufficiencies, to 
more severe permanent insults, including stroke. These may be difficult to 
assess in the presence of severe head trauma with coma or associated 
cerebral injuries. 

Abrupt venous hypertension, which may vary from mild to severe, 
can produce reversal of flow in the venous system. This in turn may pro- 
duce symptoms of mass effect or venous congestion, which include sec- 
ondary glaucoma, hydrocephalus, or engorgement of cortical cerebral 
veins. The risk of intradural hemorrhages exists when cortical venous 
drainage is present. These hemorrhagic episodes secondary to cortical 
venous rerouting in traumatic arteriovenous fistulae (AVFs) are rare (as 
opposed to those associated with dural arteriovenous shunts), unless the 
protective effect of the multiplicity of venous outflow opportunities is 
restricted by traumatic thrombosis. Frequently, a delay between the vas- 
cular traumatic insult and the clinical manifestations is seen and relates to 
the development of a false aneurysm and/or the tamponade effect from 
the hematoma. Only after rupture of the pseudo aneurysm, or lysis of the 
hematoma, do the symptoms of the abnormal arteriovenous communica- 
tion become apparent. Any traumatic fistula implies arterial wall rupture, 
and the so-called arteriovenous (AV) chamber should be considered as a 
false aneurysm without arterial wall structure and contained by the sur- 
rounding hematoma. 

Systemic manifestations of these high-flow fistulae such as high-output 
failure are unusual and may be seen in fragile debilitated patients with a 
preexisting insufficiency of the cardiovascular system (Fig. 6.53). Older 
children or young adults are usually asymptomatic, although some degree 
of left ventricular hypertrophy and/or cardiomegaly may be detected in 
chronic traumatic high-flow fistulae. 
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6.2 Traumatic Carotid Cavernous Fistulae 

In the craniofacial area, the most frequent type of AVFs are the traumatic 
carotid cavernous fistulae (TCCFs). They occur secondary to rupture of 
the internal carotid artery, or from rupture of one of its intracavernous 
branches. On occasion, the ruptured internal carotid artery branch will 
not be seen on the internal carotid artery angiogram and only the exter- 
nal carotid system will visualize the fistula. Spontaneous dural AV shunts 
of the cavernous sinus constitute a different entity and are discussed in 
Chap. 8. 



6.2.1 Etiology and Epidemiology 

TCCFs may be produced by direct or indirect trauma during head injury, 
with or without skull base fracture (Hamby 1966). Blunt trauma, usually 
frontal and on the same side as the lesion (Pool and Potts 1965), penetrat- 
ing orbital injuries associated with optic globe injury, gunshot wounds 
with laceration of the carotid artery and/or cranial nerves can be encoun- 
tered. Iatrogenic fistulae have been described secondary to transsphe- 
noidal surgery (Fig. 7.27) (Takahaski 1969; see Chap. 7), internal carotid 
artery thromboendarterectomy (Baker 1968) (Fig. 6.1), and thermocoag- 
ulation or rhizolysis of the gasserian ganglion or vidian nerves. In some 
patients, there will be no history of trauma or only minor trauma, while in 
others there will be some mechanical precipitating factor such as vomit- 
ing, sneezing, or the occurrence of acute hypertension. The angiographic 
findings are those of a typical TCCF. In some cases, one may suspect 
either a traumatic rupture of a preexisting aneurysm (Figs. 6.2, 6.3), an 
angiodysplasia such as Ehlers-Danlos syndrome (Graf 1965), or pseudox- 
anthoma elasticum (Koo and Newton 1972). In these instances, the CCFs 
are usually high flow and often recurrent and bilateral. By far the most 
frequent trauma is caused by motor vehicle accidents, with associated in- 
juries at multiple levels. Clinical assessment is mandatory to establish the 
therapeutic priorities (Table 6.3; Figs. 6.4, 6.5). 

TCCFs best illustrate the clinical syndromes produced by high-flow 
traumatic AVFs. The management of these fistulae requires a thorough 
knowledge of the vascular anatomy of the base of the skull (see Vol. 1). 

The cavernous portion of the internal carotid artery (ICA) is anchored 
to the dura at the base of the skull. It is exposed to shear stresses as well as 
penetrating injuries. A laceration of the ICA or of one of its branches may 
produce an AVF and result in the reversal of the venous drainage of the 
cavernous sinus afferents. Such drainage can be multidirectional depend- 
ing on the patient’s anatomy. 
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Fig. 6.1. Lateral subtraction an- 
giogram of the left internal 
carotid artery. Iatrogenic cav- 
ernous carotid fistula occurred 
following surgical thromboen- 
darterectomy using a Fogarty 
balloon catheter. Note the dilat- 
ed cavernous carotid artery 
where the Fogarty balloon was 
inflated (arrow) and filling of 
the cavernous sinus ( curved 
arrow ) 




Fig. 6.2. Lateral subtraction an- 
giogram of the right internal 
carotid artery in early arterial 
phase. Only minor trauma pre- 
ceded the onset of symptoms. 

A narrow neck aneurysm of the 
cavernous internal carotid 
artery is noted (arrow) 



Fig. 6.3. Spontaneous cavernous carotid fistula in a patient with Ehlers-Danlos (ED) ► 
type IV disease (A). Balloon placement was satisfactory (B),but despite cautious de- 
tachment, secondary displacement of the balloon occurred (C). Gugliemi detachable 
coils coiling attempt was not satisfactory with a persistent open internal carotid artery 
(ICA) tear (D, E). Sacrifice of the ICA was then undertaken; tolerance to the occlu- 
sion was excellent (F) 
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◄ Fig. 6.4. A 68-year-old woman was involved in a motor vehicle accident and present- 
ed immediately with bilateral proptosis (A). Angiography demonstrated bilateral 
traumatic cavernous carotid fistula (TCCF) (B, C). Right intradural internal carotid 
artery (ICA) traumatic arterial aneurysm and bilateral middle meningeal arteriove- 
nous fistula (AVF) were demonstrated (D, E). The Left TCCF was treated first in view 
of the cortical venous reflux (F); the right TCCF was then occluded (G) and showed 
the ICA aneurysm (H), which was treated during a second session. Both dural AVFs 
were then occluded with coils and glue. (Courtesy of S. Pongpech) 








Fig. 6.5. Typical appearance of multiple false aneurysms in a patient who sustained 
multiple injuries, including maxillary bone fracture with oral hemorrhage (A) and 
pelvic fractures with acute arterial bleeding from the internal iliac branches (B, C) 
requiring emergent embolization. Posttraumatic migrated tooth in the cavum region 
(D) resulted in arteriovenous fistula of the distal branch of the ascending pharyngeal 
artery (E) with reflux toward the cavernous sinus (F) 
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6.2.2 Clinical Aspects of Traumatic Carotid Cavernous Fistulae 

Symptomatology will depend on venous drainage. The ophthalmic vein 
opening into the sinus is a constant disposition, therefore often one of 
the most important presenting problems are those related to the orbit 
(Figs. 6.6, 6.7; Table 6.2). 

The reversed blood flow in the ophthalmic system will then drain to- 
ward the facial venous system and external jugular vein. Drainage to the 
ophthalmic venous system produces proptosis, chemosis, dilated con- 
junctiva, lid engorgement, venous retinopathy, disc edema, increased in- 
traocular pressure with secondary glaucoma, and visual loss. Similar 
symptoms may be present in the absence of anterior drainage if there is 
sufficient venous hypertension. Associated symptoms related to anterior 
venous hyperpressure may be congestion of the extraocular musculature 
and anterior displacement of the eyeball (exophthalmos). Mechanical re- 
strictions to movement of the eye secondary to venous hypertension and 
orbital congestion (Fig. 6.6A) will occur, but this will resolve after repair 
of the fistula (Fig. 6.6B); they should be differentiated from cranial nerve 
impairment. It is possible that TCCFs produce orbital symptoms without 
evidence of ophthalmic drainage, and in those cases the actual symptoms 
are related to the venous injury of the cavernous sinus and result from the 
thrombosis of the cavernous sinus compartment communicating with the 
orbit (Hasso et al. 1979). The fistula then drains directly into other, patent 
afferent veins to the sinus. These patients usually present with pulsatile 
tinnitus and/or some dysfunction of cranial nerves VI, IV, III or Vj 
(Fig. 6.8). 

Drainage to the sphenoparietal sinus, superficial sylvian, or deep syl- 
vian veins may lead to aneurysmally dilated venous pouches that may 
even act as a large extradural mass (Fig. 6.9) or even project intradurally. 




Fig. 6.6A, B. Traumatic cavernous carotid fistula sustained as the result of a motor 
vehicle accident. A Clinical picture 3 weeks after the accident. Note the proptosis and 
the conjunctival and eye-lid engorgement. Associated secondary glaucoma, ptosis, 
and muscle entrapment were also present. B Photograph of the face 10 days after bal- 
loon repair of the fistula. All signs and symptoms had resolved 
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Fig. 6.7A-J. Typical appearance of traumatic cavernous carotid fistula (TCCF) sec- 
ondary to a motor vehicle accident in a 25-year-old woman, who was receiving an- 
ticoagulation treatment for aortic valve surgery. CT (A) demonstrates skull base 
fractures involving the sphenoid bone. Angiography shows the TCCF opacified via an 
intracavernous branch (B). The 3-D image suggests a posterior collateral is involved 
(C). Functional testing with manual compression at the medial canthus demonstrates 
only ophthalmic venous drainage (D). E-J see p. 287 
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Fig. 6.7 ( continued ). Additional endovascular (E) images and inferior (F), medial (G), 
and anterior (H) views in 3-D demonstrate the medially located lesion draining into 
a venous pouch inferior to the horizontal portion of the siphon. A microcatheter is 
advanced inside the venous compartment (I) and several coils are deployed (J) to 
promote thrombosis expected after a few days of manual compression 










Fig. 6.8. Lateral subtraction 
angiogram of the left internal 
carotid artery. Posttraumatic 
fistula with only posterior 
drainage (arrow) into the infe- 
rior petrosal jugular confluence 
(open curved arrow) is noted. 
(From Manelfe and Berenstein 
1980, with permission) 



Fig. 6.9. Lateral subtraction 
angiogram of chronic posttrau- 
matic fistula. Note the aneu- 
rysmal dilatation of the cav- 
ernous sinus and superior cor- 
tical venous drainage through 
the sphenoparietal sinus. Note 
the complete angiographic steal 
with respect to the cerebral 
arterial system (same patient 
as Figs. 6.26 and 6.46) 
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Fig. 6.10. A traumatic cavernous carotid fistula is demonstrated on axial (A), frontal 
(B), and sagittal (C) MRI projections. Note the intradural venous pouch (D) 



They may enlarge over several weeks and produce subarachnoid hemor- 
rhage (SAH) (Figs. 6.10, 6.1 1). These are associated with severe skull base 
injuries and are often seen in chronic TCCFs, where the risk of late rup- 
ture is extremely low. Congested cortical veins can be seen (Fig. 6.12) and 
carry the potential risk of intracranial hemorrhage at the acute stage. 
Rerouted cortical venous drainage after suboptimal treatment carries a 
similar potential risk (Fig. 6.13). A phlebitic appearance of the cortical 
veins is suggestive of associated restricted venous outlets at the skull base 
or superior sagittal sinus. After occlusion of the fistula, these cortical veins 
are seen filling within the normal time frame on the immediate postem- 
bolization angiogram (Fig. 6.12). The cortical veins return to normal ap- 
pearance and drain in the cavernous sinus on follow-up angiograms some 
months later (despite the presence of a balloon in the cavernous sinus) 
(Fig. 6.12). 

Since the cavernous sinus plexuses are anastomosed in the midline, 
TCCFs may drain to the opposite side or bilaterally (Figs. 6.14, 6.15). All 
the clinical signs may be sited opposite the fistula location. Bilateral 
drainage is frequent, and the orbital signs are of little assistance in pre- 
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< Fig. 6.1 1. A 25-year-old man with a traumatic cavernous carotid fistula (CCF), with 
a large venous pouch bulging in the optic chiasm cistern, as shown on CT scan (A). 
The angiogram confirmed the CCF and the pouches (B, C). The external carotid 
artery (ECA) and vertebral artery (VA) injections demonstrate the intracavernous 
location of the orifice (D, E). Note the middle meningeal artery-associated trauma. 
The internal carotid artery siphon is sacrificed with two balloons (F). The long-term 
follow-up angiogram of the ECA and VA confirms total exclusion and shrinkage of 
the pouches (G, H). (Courtesy of S. Suthipongchai) 



dieting the side of the TCCF. In addition, the severe head trauma may pro- 
duce bilateral TCCFs in some cases (Fig. 6.4). 

Drainage into the pterygoid plexus usually does not give specific symp- 
toms. Drainage in multiple directions (Figs. 6.9, 6.12) is actually the most 
frequent situation. On occasion, previous procedures such as surgical lig- 
ations or associated occlusion of the venous drainage may alter the usual 
pattern of drainage. 







B < 

Fig. 6.12A-C. Traumatic cavernous carotid fistula (CCF) with mixed drainage. A Lat- 
eral subtraction angiogram of the left internal carotid artery demonstrates a CCF 
with drainage anteriorly toward the ophthalmic venous system ( curved arrow), pos- 
teriorly toward the inferior petrosal sinus, jugular vein ( open curved arrow) and su- 
periorly toward cortical veins ( arrowheads ). B Lateral subtraction angiogram was 
performed immediately after balloon (arrow) repair of the fistula. Note the dilated 
cortical veins, filling antegrade and in normal sequential time. C see p. 293 
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Fig. 6.12 ( continued ). C Follow-up angiogram 3 months later in venous phase. Note 
the return to a normal appearance of the veins. The balloon has deflated (arrow). The 
cavernous sinus is not opacified 



6.2.2. 1 Ophthalmological Symptoms 

Visual loss occurs in approximately 54% of cases (Kupersmith et al. 1986) 
and progressive visual loss represents one of the main indications for 
emergency treatment in a TCCF. Progressive visual loss and epistaxis are 
the two main indications for emergent endovascular treatment (Table 6.4). 
The significantly better results in recovery of visual loss with endovascu- 
lar embolization treatment, as compared with Henderson’s (1959) or 
Hamby’s ( 1 966) methods, is related to the closure of the fistula and preser- 
vation of the ophthalmic artery (Fig. 6.16, p. 297). 



6.2.2.2 Corneal Ulcerations and/or Infections and Secondary Glaucoma 

Acute and chronic exposure from proptosis can lead to infectious con- 
junctivitis, keratitis; fifth nerve involvement diminishes corneal sensitiv- 
ity, leading to noninfectious ulceration of the cornea. These complications 
require proper protection of the exposed globe with lubricants and/or 
temporary tarsorrhaphy to prevent ulceration. 

Glaucoma secondary to poor aqueous outflow and elevated episcleral 
venous pressure may be difficult to control medically. The intraocular 
pressure normalizes in all cases where the shunt is successfully occluded 
(Table 6.1, p. 297). As long as the fistula remains patent, the patient is not 
a candidate for any type of intraocular surgery; embolization should be 
done first. 
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Fig. 6.1 3. Traumatic cavernous carotid fistula (TCCF; A, B) fed by the internal carotid 
artery. Treatment with detachable balloon excluded the TCCF but following detach- 
ment the balloon moved to occlude ophthalmic vein drainage. The drainage was 
rerouted into the subarachnoid veins of the posterior fossa (C). A potential risk of 
hemorrhage resulted from this drainage. Subsequent catheterization of the posterior 
branch of the siphon (D) was used to place several coils (E) to achieve rapid exclusion 
of the TCCF. F, G see p. 295 
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Fig. 6.13 ( continued ). Since the goal of disconnection was not achieved, glue was 
injected (F, G) 




Fig. 6.14. Left traumatic cavernous carotid fistula with bilateral ophthalmic 
drainage. Frontal subtraction angiogram of the left internal carotid artery in late ar- 
terial phase. Note filling of both cavernous sinuses and ophthalmic veins, through the 
coronary sinuses (arrow) 
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Fig. 6.16. A Optic foramen view demonstrates a fracture of the optic canal ( arrows ) 
that resulted in immediate nonreversible visual loss. B Frontal subtraction an- 
giogram of the same patient after balloon (arrow) repair of the fistula. Note the focal 
narrowing of the ophthalmic artery ( open arrow) at the level of the optic canal 



Table 6.1. Arteriovenous fistulas etiologies 



I. Traumatic II. Spontaneous 

A. Blunt A. Congenital 

B. Penetrating B. Acquired 

C. Iatrogenic a) Secondary to a preceding thrombosis? 

b) Secondary to a ruptured aneurysm? 

c) Associated to an angiodysplasia 

1. FMD 

2. Neurofibromatosis 

3. Ehlers-Danlos syndrome 

4. Other dysplasias 



◄ Fig. 6.15. A Left internal carotid angiogram in a patient with a traumatic cavernous 
carotid fistula (CCF). Note the bilateral venous outflow (curved arrow) and opacifi- 
cation of both superior ophthalmic veins (open arrows). B Opposite internal carotid 
angiogram. Note the visualization of infero-lateral trunk (ILT; double arrow) with no 
evidence of shunt. C Right internal carotid angiogram 3 months after successful em- 
bolization of the left CCF. The patient had complained of right-sided pulsatile tinni- 
tus. A spontaneous dural arteriovenous malformation (AVM) is seen at the level of 
the cavernous sinus (arrow). D Internal maxillary artery branches also supply the 
lesion. Note the unique drainage posteriorly 






Fig. 6.17. A A patient with prominent collateral venous dilatation, following surgical 
ligation of the internal jugular vein as well as the internal carotid artery (ICA) and 
the external carotid artery (ECA). Note the prominent angular and upper eyelid 
veins. B Complete regression after surgical exposure of the previously ligated inter- 
nal carotid artery and successful embolization of the fistula 



6.2.23 Diplopia 

The frequent involvement of cranial nerves in the cavernous sinus often 
produces diplopia. Although cranial nerve function improves in the great 
majority of cases, complete normalization of extraocular muscle function 
is only observed in 32% of cases. Extraocular eye muscle palsies that re- 
main may cause diplopia. Prism therapy (temporary Fresnel) may help in 
providing binocular vision during the recovery phase. Some cases with 
permanent cranial neuropathy may benefit from ptosis repair and/or 
strabismus surgery if no improvement is made within 6 months of the 
fistula closure (Fig. 6.17). 

6.2.2.4 Cranial Nerve Involvement in Traumatic Carotid Cavernous Fistulae 

Cranial nerves III, IV, VI, and Vj can be impaired as they course in the wall 
of the cavernous sinus (Tables 6.2, 6.4; Fig. 6.9). As mentioned previously, 
nerve dysfunction may occur at the time of the trauma (as a direct injury 
to the nerve), or may present later (as a compression of the nerve by the 
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Fig. 6.18A, B. A 31-year-old man with left side ophthalmoplegia, which developed 
some weeks after trauma. A Clinical picture demonstrates the incapacity of medial 
gaze in the left eye. B Two weeks after treatment, there was complete recovery 



Table 6.2. Neuro-ophthalmic abnormalities before and after embolization (Kuper- 
smith 1986) 



Pre-embolization 


Postembolization 

improvement 


Postembolization a 
normal 


Ptosis 62% 


85% 


52% 


Third nerve 68% (lb) 


69% 


35% 


Fourth nerve 50% 


76% 


41% 


Sixth nerve 85% (lb) 


76% 


55% 


Pupillary defects III 35% 


(III) 8% 


8% 


Sympathetic 39% 


67% 


67% 


Iris dilated vessels 9% (lb) 


33% 


33% 


Proptosis 88% (lb) 


100% 


80% 


Chemosis 59% (lb) 


67% 


63% 


Dilated conjunctival vessels 
100% (4b) 


100% 


88% 


Bruit 85% 


100% 


100% 


Thrill/pulsation of globe 15% 


100% 


100% 


Lid engorgement 47% 


100% 


94% 


Venous retinopathy 38% (2b) 


85% 


85% 


Disc edema 15% (lb) 


80% 


80% 


Visual loss 50% (lb) 


35% 


24% 


Increased intraocular 
pressure 79% (3b) 


96% 


96% 


Pain b 


100% 


100% 



b, bilateral. 

2 2 weeks to 5 years follow-up. 

b Pain may start or aggravate following treatment, when the cavernous sinus collap- 
ses. It will resolve in 3-5 weeks. 
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dilated cavernous sinus or secondary ischemia to the cranial nerves), or a 
combination of these factors. When the nerve is injured at the time of the 
trauma, there likely will be no recovery after treatment of the fistula. 
There is a greater chance of improvement or complete recovery after 
treatment of the fistula when the dysfunction is delayed (Figs. 6.17, 6.18), 
although it may take several months for complete normalization. When 
the limitation in ocular motion is due to mechanical factors, resolution 
will uniformly follow soon after repair of the fistula (Fig. 6.6). Associated 
facial nerve impairment and deafness are usually secondary to traumatic 
impairment of the petrous pyramid and involvement of the inner and/or 
middle ear. 



6.2.2.S Bruit 

Bruit is the most constant finding (in association with a hyperemic con- 
junctiva) in traumatic fistulae and is caused by the high flow of the lesion. 
It is usually maximal over the ipsilateral eye. The bruit can radiate to the 
frontal, temporal, jugular, or other areas, depending on the venous outflow 
of the fistula. Subjective bruits are related to posterior drainage and bone 
conduction. Thrills and/or pulsations of the globe are infrequent and re- 
lated to a dominant anterior drainage. 



6.2.2.6 Arterial Steal 

Arterial steal may affect the ophthalmic artery territory and produce im- 
paired vision. This is infrequently present, unless compression or damage 
of the ophthalmic artery and nerve in the optic canal (hematoma, contu- 
sion, edema, etc.) occurs. The hypoxia of the anterior segment of the eye 
is manifested by changes in corneal epithelium and the presence of cells 
in the anterior chamber; ocular dysfunction is further aggravated by in- 
creased intraocular pressure. It may even result in occlusion of the central 
retinal artery (Kupersmith et al. 1986). 



6.2.2J Hemispheric Arterial Insufficiency 

An acute neurological deficit may be the presenting symptom when the 
fistula is large and a complete hemodynamic steal (Fig. 6.9) occurs on 
congenitally and/or acquired underdeveloped cerebral collateral circula- 
tion, usually at the level of the circle of Willis (Day and Rhoton 1982). 
However, it is clinically difficult to distinguish the exceptional occurrence 
of arterial steal from the more common consequences of the venous 
drainage of the TCCF (Fig. 6.19), the possible associated venous injuries, 
and cerebral contusion. 
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Fig. 6.19. Traumatic cavernous carotid fistula (CCF) (A) with abnormal appearance 
on CT (B, C) examination. After balloon exclusion of the CCF, the peculiar CT images 
proved to be related to a congested, associated developmental venous anomaly (D, E). 
(Courtesy of R. Piske) 
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Fig. 6.20. Associated vascular 
injuries. Lateral subtraction 
angiogram of the right internal 
carotid artery, early arterial 
phase. A traumatic pseudoa- 
neurysm of the petrous carotid 
( arrowhead ) is associated with 
a high-flow cavernous carotid 
fistula with multiple venous 
drainages. Note the vein of 
foramen ovale (open arrow) 
draining toward the pterygo- 
maxillary plexus. (From Beren- 
stein et al. 1980) 



6.2.2.8 Associated Traumatic Lesions 

Traumatic fistulae are part of a more complex clinical problem where 
other soft tissue or vascular structures of the head and neck region have 
also been injured. These may be associated with epidural and/or subdur- 
al hematomas, intracerebral hematomas, contusions, depressed fractures, 
CSF leaks, and traumatic pseudoaneurysms in other segments of the in- 
ternal carotid artery (Fig. 6.20), or other brachiocephalic vessels, whether 
arterial or venous (Fig. 6.21; Table 6.3). 

The literature on the natural history in most CCF series tends to lump 
traumatic and spontaneous fistulae together. The risk of untreated lesions 
as reported by Hamby (1966) includes total loss of vision in 25% of cases 
and visual impairment in another 20%. Kupersmith et al. (1986) showed 
visual loss in 54% of cases, of which 23% remained blind; in the other 
31%, the visual loss was reversible and returned to normal after treatment 
(Table 6.4). 

Sattler (1920) reported a 3% mortality rate as the result of intracranial 
or nasal hemorrhage. Patients with nasal hemorrhage are likely those that 
have an ICA rupture into the sphenoid sinus (Fig. 6.21), whereas those 
with intracranial hemorrhage have a direct intracranial vascular injury or 
brain contusion (Figs. 6.22, 6.23). 

Spontaneous regression has been reported in 6% by Hamby (1966) and 
10% by Dandy (1928); both series combined TCCFs and DAVSs of the 
cavernous sinus area. Regression is rare in TCCFs (Churojana 2001) 
(Fig. 6.30). Late progression of TCCFs has been associated with the sec- 
ondary development of true dural arteriovenous shunts (DAVSs) locally or 
remote from the trauma site. 
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Fig. 6.21 A-D. A 26-year-old male patient was referred because of severe and repeat- 
ed epistaxis that started 1 year after incomplete repair of a traumatic fistula. A En- 
hanced axial CT demonstrates bilateral epidural hematomas and soft tissue injuries. 
B Bony windows demonstrate bilateral skull fractures. C Frontal subtraction an- 
giogram of the left common carotid artery. Note the large pseudoaneurysm (arrow) 
projecting into the spheroid sinus. Two silastic balloons are seen in the cavernous 
sinus ( arrowheads ) from the previous treatment. D Lateral subtraction angiogram of 
the right (contralateral) middle meningeal artery after balloon trapping of the inter- 
nal carotid artery; note a middle meningeal artery false aneurysm ( arrowhead ) 
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Table 6.3. Associated traumatic lesions in CCFs 

Brain Contusion 

Hematoma 
Subdural hematoma 
Epidural Hematoma 
Contre coup 

Bone Frontal fracture 

Orbit roof fracture 

Orbit floor fracture with muscle entrapment 

Medial wall of orbit fracture 

Petrous bone fracture (± VII th , VIII th damage) 

Sphenoid fracture 

Optic canal fracture 

Nasal fracture 

Craniofacial fracture 

Sinuses Fluid level 

Intracranial air 
Contralateral side 

Soft tissue Soft tissue injury 

Others Cervical trauma 

Other fractures 

CCF, carotid cavernous fistula. 



Table 6.4. Visual loss in TCCFs (Kupersmith 1986) 

Pre-embolization causes of visual loss (54%) 

Traumatic optic neuropathy (15%) 

Postsurgical optic neuropathy (6%) 

Optic globe damage (6%) 

Reversible optic neuropathy “steal” (12%) 

Venous hypoxic retinopathy 3 (9%) 

Surgical anophthalmos (3%) 

Central retinal artery occlusion 
secondary to elevated 
intraocular pressure (3%) 

TCCFs, traumatic carotid cavernous fistula. 

3 One patient with venous hypoxic retinopathy represents our only unsuccessful em- 
bolization. 



Postembolization 
No change 
No change 
No change 

Normalized 
2 normalized 
No change 
No change 
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Fig. 6.22A-F. Motor vehicle accident victim with rupture of the internal carotid ar- 
tery (ICA) into the sphenoid sinus. The CT shows air in the carotid canal (A). The 
emergency angiogram shows a traumatic cavernous carotid fistula without extrava- 
sation outside the skull base due to the efficient packing of the maxillofacial-associ- 
ated lesions (B, C). The ICA (D) is immediately sacrificed after checking the patency 
of the circle of Willis (E, F) 











Fig. 6.23 A-C. Posttraumatic massive epistaxis with evidence of subarachnoid hem- 
orrhage on CT. Angiogram shows traumatic cavernous carotid fistula (A) with extra- 
cavernous contrast filling along the tentorium, testifying to the rupture of the inter- 
nal carotid artery (ICA) and the dural tear. The ICA was immediately sacrificed with 
detachable balloon (B, C) 

6.2.3 Pretherapeutic Evaluation 

Based on the clinical picture, the diagnosis of TCCF is easy. However, plan- 
ning the best therapeutic regimen requires consideration of all clinical 
problems caused by the trauma and not only the vascular injury, which is 
often not the most dangerous aspect at the acute stage. 

Computed tomography (CT) and magnetic resonance imaging (MRI) 
are the best imaging modalities to assess the extent of cranial injury and 
the consequences of the trauma in order to anticipate vascular complica- 
tions (Table 6.3) such as proptosis, prominent ophthalmic veins (Fig. 6.24), 
extraocular muscle congestion, lateral bulging of the cavernous sinus, 
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Fig. 6.24. Axial enhanced CT 
shows the characteristic promi- 
nence of the ophthalmic vein 
( open curved arrow) and the 
engorgement of the superior 
rectus muscle ( arrowhead ) 




Fig. 6.25. A Axial CT. Multiple 
aneurysmal dilatations of the 
left cavernous sinus, including 
the sphenoparietal sinus 
( arrowhead ) and mild exoph- 
thalmos. B Axial CT at the level 
of the lateral ventricle. Note the 
prominent cortical veins in the 
left cerebral hemisphere 




dilatation of its tributaries (Fig. 6.25), and compression of the third ven- 
tricle (Fig. 6.26) with hydrocephalus. Associated injuries such as bony 
fractures, soft tissue injuries, intracranial blood collections (Fig. 6.21), 
paranasal opacification and/or air fluid levels, usually the result of addi- 
tional trauma, can also be seen (Fig. 6.22). The presence of subarachnoid 
hemorrhage, with skull base fracture involving the sphenoid sinus or the 
petrous apex, and the presence of air in the carotid canal are highly sug- 
gestive of an ICA rupture outside the cavernous sinus and are an absolute 
emergency for investigation and therapeutic angiography. 

It is important to establish the vascular anatomy systematically, with 
the aim of answering the following questions (Sects. 6.2.3.1, 6.2.3.2). 
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Fig. 6.26A, B. Same patient as 
Figs. 6.9, 6.46. A Pre-emboliza- 
tion enhanced axial CT demon- 
strates the aneurysmally 
dilated cavernous sinus com- 
pressing the 3rd ventricle. 

B Enhanced CT after emboliza- 
tion. Note collapse of the cav- 
ernous sinus (see Fig. 6.50). 
(Berenstein et al. 1980, with 
permission) 



6.2.3 . 7 Location of the Fistula 

1. Is the fistula in the cavernous sinus? Does it involve the internal carotid 
siphon wall? And if so, where is it located (Fig. 6.7)? 

2. Is it a rupture of an intracavernous branch, and if so, can it be reached 
from the external carotid side (Figs. 6.27, 6.28)? 

3. Is there a complete arterial steal related to the fistula (Fig. 6.9) and what 
is the circulation to the normal brain? 

4. Are there associated vascular lesions? 

- Associated arterial aneurysms or pseudoaneurysms, proximal and / 
or distal to the fistula (Fig. 6.4) on the internal carotid artery itself, 
the external carotid artery, or their branches (Figs. 6.20, 6.27). 

- Associated posttraumatic venous thrombosis (Fig. 6.29). 

- Other AVFs (Figs. 6.4, 6.30) on the opposite side or on other brachio- 
cephalic arteries. 

- Presence of a traumatic dissection. 

- Evidence of an underlying arterial disease (atheroma, stenosis, an- 
giodysplasias, etc.; Figs. 6.2, 6.3). 
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Fig. 6.27. A Lateral subtraction angiogram of the left internal carotid artery (arterial 
phase). There is early filling of the cavernous sinus and ophthalmic venous system 
(curved arrow) with a prominent infero-lateral trunk (ILT; arrow). B Lateral subtrac- 
tion angiogram of the ipsilateral middle meningeal artery. The cavernous sinus is 
also opacified without filling the internal carotid artery, showing laceration of the ILT 
(arrow). C Lateral subtraction angiogram of the left external carotid artery after suc- 
cessful isobutyl cyano acrylate (IBCA) embolization of the middle meningeal artery 
(arrow). D Left internal carotid artery control: there is no filling of the ILT fistula (the 
internal carotid artery was not embolized but used to control the result of emboliza- 
tion) 








Fig. 6.28A-J. Bilateral traumatic cavernous carotid fistula (CCF); detachable balloons ► 
were not available, and fistula was embolized with glue. Right CCF (A) was catheter- 
ized across the arterial fistula beyond the first venous pouch (B); pure glue with 
tantalum powder was injected (C). D Stagnation and occlusion was immediately ob- 
tained. The left CCF (E) was then accessed via its external carotid artery supply (F); 
glue was delivered via the accessory meningeal artery (G).H,I Follow-up of left-sided 
CCF. J Glue cast. E-J see p. 311 
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■* Fig. 6.29. Skull base trauma with minimal shunt at the skull base and spastic re- 
action of the distal external carotid artery (ECA) branches (A, B). Careful analysis of 
the venous phases shows venous damage at the vein of the foramen ovale (C, ECA late 
phase; D, E, ICA late phase). The venous lesion is better demonstrated with the arte- 
rial mask to the venous phase (F, G) 




Fig. 6.30. Lateral subtraction angiogram after repair of the internal carotid to cav- 
ernous fistula (arrow, subtracted balloon). The orbital bruit persisted and follow-up 
angiogram demonstrates a traumatic fistula of the ophthalmic artery to the superior 
ophthalmic vein ( curved arrow). This fistula was not treated, and had disappeared 
spontaneously on the 3-month follow-up examination 
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6. 2. 3. 2 Venous Drainage of the Fistula 

1. Does venous drainage of the fistula explain the clinical symptoms? 

- Is it draining immediately extracranially into sinuses or is there sub- 
arachnoid venous reflux? 

2. How is the brain draining? 

3. Is there evidence of associated venous plexus or sinus thrombosis? 

4. Is there evidence of venous ectasias? Where are they located? 

5. Is there cross-filling to the opposite cavernous sinus and its tributaries? 

Some unusual vascular arrangements can occur if the fistula or fistulae 
remain patent after multiple proximal ligations or incomplete emboliza- 
tions (Figs. 6.31, 6.32). 

The ophthalmic artery is often better assessed through the internal 
maxillary artery, as there is less superimposition of venous structures; 
retrograde filling of the siphon and the fistula can also be seen better 
through collateral circulation. When the fistula is in the posteromedial 
wall of the internal carotid artery (C5), the ascending pharyngeal artery 
may point precisely to the fistulous point and is a source of collateral cir- 
culation. The fistula site can be determined by the use of a double-lumen 
balloon catheter in the involved internal carotid artery (Berenstein and 
Kricheff 1979a) (Figs. 6.33, 6.34). 

A test for tolerance of internal carotid occlusion (see Sect. 6.2.3, and 
Chaps. 7 and 14) can be done, but the balloon should never be inflated 
proximal to the site of the TCCF, as it would produce a true cerebral arte- 
rial steal. 

Unusual anatomical dispositions should be recognized: trigeminal ar- 
tery (Fig. 6.35) or persistence of the dorsal ophthalmic artery (Fig. 6.36). 



Fig. 6.31A-C. Selective angiography in a case of carotico cavernous fistula ( solid 
arrow). Multiple therapeutic attempts - surgical trapping ( asterisks ) and emboliza- 
tion - have developed unusual collateral circulation pathways. A Selective injection 
of the vertebral artery in lateral view. Opacification of an arterial network ( small 
arrows) on the internal carotid artery course, via the C2 vertebro-occipital anasto- 
mosis ( curved arrow) and the C2 lateral muscular channel ( double arrow). B Proxi- 
mal external carotid injection. Note the proximal narrowing ( asterisk ) due to trau- 
matic dissection during previous catheterization. Note the arterial network ( small 
arrows) following the intrapetrous portion of the internal carotid artery. C Selective 
injection of the ascending cervical artery in lateral view. Note the C4 collateral anas- 
tomosis (curved arrows) opacifying the external carotid artery distal to a previous 
ligation ( asterisk ) and the arterial network ( small arrows) 
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Fig. 6.31A-C. 
Legend see p.314 
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Fig. 6.32. Lateral views of selective injection of (A) deep cervical (right-angled) ar- 
tery and (B) ascending cervical artery (arrow). The carotid artery had been ligated 
several times. The persistence of the cavernous carotid fistula (CCF) symptoms and 
their rapid worsening motivated the present exploration. During the catheterization, 
no patent ipsilateral common carotid artery was found. The ipsilateral vertebral ar- 
tery injection (not shown) demonstrates the CCF, which opacified via the posterior 
communicating artery and the supracavernous carotid artery. The cervical injections 
show the site of the ligation (asterisks, A) the patency of the ipsilateral internal 
carotid artery (arrows, B), and its supply to the cavernous sinus fistula (asterisk, B). 
It also demonstrates that the external carotid branches do not supply the fistula (A). 
B-D see pp. 317,318 
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Fig. 6.32 ( continued ). B The difference in the aspect of these two injections can be 
explained by the separate origin of the occipital artery and ascending pharyngeal ar- 
tery from the external carotid trunk. The ascending pharyngeal artery arises from 
the proximal external carotid artery closer to its origin compared to the occipital ar- 
tery. Therefore, the injection of the occipital artery above the ligations via the deep 
cervical artery fills the distal external carotid artery and, poorly, the common carotid 
stump. However, the ascending pharyngeal artery, opacified via the ascending cervi- 
cal artery, fills the common carotid stump below the incomplete ligation of the ex- 
ternal carotid artery. C, D see p. 318 
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Fig. 6.32 ( continued ). C Selective injection of the contralateral internal carotid artery. 
Note the cross-filling of the ipsilateral C5 internal carotid siphon ( broken arrow ) via 
the medial clival anastomosis ( arrowheads ); the site of the fistula is clearly demon- 
strated ( asterisk ) below the clips ( double arrow). D Injection of the contralateral as- 
cending pharyngeal artery fills the same medial clival anastomosis ( arrowheads ) and 
C5 siphon ( broken arrow) prior to the visualization of the fistula (asterisk). The two 
arrows show the upper limit of the odontoid arterial arch system 
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Fig. 6.34. Frontal subtraction angiogram of the right internal carotid artery. A dou- 
ble lumen balloon catheter ( curved arrow ) is occluding the internal carotid artery. 
The fistula site is clearly demonstrated ( open arrowhead). (From Berenstein 1979, 
with permission) 
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Fig. 6.35. Selective vertebral 
angiogram in frontal (A) and 
lateral (B) views and selective 
internal carotid artery injection 
in lateral view (C) in a case of 
traumatic carotid cavernous 
fistula with persistence of the 
trigeminal artery. Note the dual 
filling of the fistula from both 
vertebral (arrow) and carotid 
(double arrow) injection 




Fig. 6.36. Selective injection of 
the internal carotid artery in a 
patient with carotid cavernous 
fistula (asterisk). Note the C4 
origin of the ophthalmic artery 
(arrow) 
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6.2.4 Therapeutic Objectives and Strategy 

After a thorough analysis from a clinical, anatomical, and hemodynamic 
point of view, the therapeutic objective is planned. As previously stated, 
there are situations in which therapy should commence immediately on 
an emergency basis. Most forms of TCCFs do not require urgent treat- 
ment but cortical reflux, decreasing vision, or low cerebral perfusion do 
require rapid therapeutic management. 



6.2.4. 7 Embolization 

The endovascular approach to CCFs is by far the treatment of choice (Ta- 
bles 6.2, 6.4). Various reported series have confirmed the effectiveness and 
safety of this technique (Serbinenko 1974; Debrun et al. 1981; Berenstein 
and Kricheff 1980; Scialfa et al. 1983; Kendall 1983; Kupersmith et al. 1984; 
Hieshima 1985, 1985; Wu et al. 2000). The most frequently used endovas- 
cular approach is via the femoral artery. However, direct cervical carotid 
puncture can be used when tortuosity at the arch or common carotid lig- 
ation prevents femoral catheterization of the internal carotid artery. For 
traumatic laceration of the internal carotid artery siphon, the use of de- 
tachable balloons is the best available method of treatment. The balloon 
will enter the cavernous sinus and with progressive inflation will occlude 
the pathological arteriovenous communication and preserve the carotid 
flow. In the largest reported series, the fistulae were cured in 85%-98% of 
cases, with a recurrence rate from 1.3% to 9%, which usually responded 
well to a second transvascular treatment (Wu 2000). 

The permanent complication of cerebral infarctions secondary to a 
stray balloon or thromboemboli has been reported in less than 2% of cas- 
es. Permanent cranial nerve deficit that was not present prior to balloon 
treatment has been reported to occur in 0%-5%. Death related to the em- 
bolization occurred in one (1.8%) of Kendall’s patients and one (3%) of 
Scialfa’s patients. 

Premature balloon detachment (Kendall 1983; Scialfa et al. 1983; ), dis- 
lodgment of previously detached balloons, and intracranial migration 
secondary to delayed balloon deflation (Tsai 1983) have been reported in 
l%-2.7%, occasionally resulting in cerebral dysfunction. Immediate meas- 
ures to increase the blood pressure may resolve some of these neurologi- 
cal symptoms and gain time to permit surgical extraction of the dislodged 
balloon. 

Although preservation of the carotid blood flow is one of the main ad- 
vantages of the technique, most authors in the largest recent series have 
reported a preservation of carotid flow in more than 70%. Even in those 
instances where the internal carotid artery was intentionally occluded 
(Berenstein 1981) or when it is technically impossible to preserve carotid 
flow, the transvascular approach is preferred, as it closes the carotid artery 
at the fistula site and therefore prevents collateral filling or recanalization 
of the pathological arteriovenous communication. 

The exception for the use of balloon catheters in the management of 
these fistulae would be in cases of traumatic lacerations of the C4 or C5 
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branches of the internal carotid artery, where the lesion can only be 
reached from the external carotid system (Fig. 6.27). In these instances, 
balloons may not enter the small cavernous branches, or occlusion of the 
internal carotid artery will not solve the problem. In these instances, the 
venous side can usually be reached with a fast polymerization tissue ad- 
hesive such as NBCA introduced superselectively from the external 
carotid side, and the internal carotid artery can be used to check the 
effectiveness of the treatment (Figs. 6.27, 6.28). 

The retrograde transvenous approach can also provide similar good re- 
sults using fiber coils to occlude the venous compartment of the fistula 
and is particularly useful in subacute TCCFs with slow flow (Fig. 6.13). 



6.2.4.2 Emergency Treatment 

1. Progressive visual loss has already been discussed in Sect. 6.2.2 and is 
an indication for emergent treatment. 

2. Epistaxis: nasal bleeding associated with a TCCF is probably the most 
urgent problem to be dealt with, as it may truly be a life-threatening sit- 
uation (Figs. 6.21, 6.23, 6.37). However, this should be distinguished 
from epistaxis in the acute phase of a traumatic incident, which is most 
often related to maxillofacial injury and can be managed conservatively 
or by bilateral internal maxillary artery and/or facial embolization. 

3. Sphenoid sinus aneurysm. If during pretherapeutic evaluation a soft 
tissue mass is noted in the sphenoid sinus, which during angiographic 
evaluation proves to be an aneurysm or pseudoaneurysm of the inter- 
nal carotid artery (Figs. 6.21-23, 6.37), then treatment should be imme- 
diately undertaken, as this lesion has a significant risk of rupture, with 
a potential for lethal uncontrollable hemorrhage. Parent artery occlu- 
sion is recommended at the acute stage. Intrasaccular coiling or stent- 
ing can be proposed at the subacute or chronic stage. 

4. Comatose patients. In patients with a depressed level of consciousness 
where intracranial lesions have been excluded, treatment should be in- 
stituted. This probably also applies to the unconscious and/or stuporous 




Fig. 6.37A-F. Skull base trau- 
ma secondary to motor vehicle 
accident (MVA) resulted in 
massive epistaxis with hemor- 
rhagic shock. At CT (A) multi- 
ple fractures of the anterior 
and middle cranial base were 
demonstrated. B-F see p. 323 





Fig. 6.37 ( continued ). B, C Emergency angiography shows a ruptured internal ca- 
rotid artery (ICA) in the posterior ethmoidal cells and sphenoid sinus with false 
aneurysm. Circle of Willis assessment shows satisfactory collateral circulation (D). 
E, F Embolization with intracavernous occlusion of the ICA was performed imme- 
diately 
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Fig. 6.38. Lateral subtraction 
angiogram of the internal 
carotid artery 8 h following sat- 
isfactory repair of a traumatic 
cavernous carotid fistula with 
preservation of the internal 
carotid flow (not shown). The 
balloon ( curved arrow) had 
migrated posteriorly as a result 
of severe vomiting and has 
blocked the posterior drainage, 
followed by aggravation of ocu- 
lar signs and symptoms, with 
deterioration of visual acuity. 
The internal carotid artery was 
sacrificed. The symptoms re- 
gressed immediately after the 
embolization 



patient with increased intracranial pressure, even if no cortical venous 
rerouting is demonstrated. 

5. If during the course of treatment a balloon is placed in such a manner 
that the posterior venous drainage is blocked, or if in the immediate 
postembolization period the balloon migrates to block the posterior 
venous drainage following partial balloon deflation or vomiting 
(Fig. 6.38), rapid aggravation of ophthalmic symptoms may occur. 
Conversely, if the balloon migrates forward and reroutes the previous 
ophthalmic drainage toward the subarachnoid venous system, then the 
risk of intradural complication will occur (SAH, seizure, or deficit). 
Both situations require urgent management (Figs. 6.3, 6.13). 



6.2.43 Surgical Approach to Carotid Cavernous Fistulae 

There is no indication for any type of nonendovascular (open surgical) 
approach for carotid cavernous sinus fistulae as the primary form of 
treatment. 

In Isamat’s (1970) review of 545 reported cases of surgically treated 
carotid cavernous fistulae, cervical ligation of the internal carotid or com- 
mon carotid arteries or both had a cure rate of 31%-40%. Trapping the 
carotid cavernous fistula in a combined intracranial internal carotid clip- 
ping and internal carotid ligation in the neck provided good results in 
56.7% of cases. A complete trapping approach would include intracranial 
occlusion of the internal carotid and ophthalmic arteries followed by cer- 
vical ligation of the internal carotid and external carotid arteries. This 
technique achieved satisfactory results in 78.8% of a group of 76 patients. 
Morley and Barr (1969) showed that the operative mortality and cerebral 
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Fig. 6.39. Plain film of the skull 
in lateral projection after surgi- 
cal exposure of the supracli- 
noid carotid artery below the 
lower surgical clip and follow- 
ing injection of glue. A second 
clip (arrow) was placed in the 
posterior communicating 
artery (arrow). Note the radio- 
paque cast of the cavernous 
carotid artery, the fistula, and 
the infero-lateral trunk (open 
curved arrow) 




morbidity in the surgical approach to CCF has been distressingly high. 
Parkinson (1973) shows that it is surgically possible to repair these fistu- 
lae and preserve the carotid flow; however, this is a complex and major 
surgical endeavor. In 1975, Hosobuchi reported a venous approach to cav- 
ernous sinus electrothrombosis, and although successful, it was apparent 
that significant technical skill was needed for operation. Mullan et al. 
(1979) reported 33 fistulae treated by a variety of ingenious approaches to 
the venous side using the thrombogenic technique with good results. 

Surgical reconstruction of cervical vessels or intraoperative emboliza- 
tions should be discussed when previous procedures (surgical ligations 
or proximal embolizations) have removed the percutaneous accesses 
(Fig. 6.39). 



6.2.4.4 Conservative Treatment of Traumatic Carotid Cavernous Fistulae 

When the symptoms are mild and there is no immediate risk for vision, 
conservative follow-up should concentrate on verifying the intraocular 
pressures, visual acuity, and cranial neuropathies. 



6.2.5 Technical Aspects of Embolization 
6.2.5 . 1 Balloon Selection 

Various detachable balloon systems are available at present. These are 
discussed in Chap. 14. 

A latex balloon filled with contrast material will eventually deflate in 
weeks or months and even silastic balloons filled with iso-osmolar con- 
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Fig. 6.40. Lateral subtraction 
angiogram, 6 months after 
balloon repair of a traumatic 
cavernous carotid fistula. The 
patient is asymptomatic. The 
contrast-filled balloon has de- 
flated. An aneurysmal pouch 
(arrow) has formed at the site 
of the original balloon repair 
(same patient as Fig. 6.12) 



trast material can or will eventually deflate. This deflation produces ve- 
nous pouches in a significant number of patients, usually without symp- 
toms (Fig. 6.40). Most reports on traumatic fistulae describe that when 
only minimal filling of the fistula persists, the lesion tended to thrombose 
spontaneously. Debrun (1978) makes no mention of the relationship be- 
tween his symptomatic pouches and persistent minimal shunting. Bal- 
loon deflation often leaves a venous pouch at the site of the repair. In our 
experience, we have not had to treat any patient for a symptomatic pouch. 
There are many more examples of shrinkage and/or stabilization of these 
pouches rather than the relatively rare occurrence of them becoming 
symptomatic. 

We have had one carotid stenosis out of four instances where we filled 
the balloon with silicone. Our only other instance of carotid stenosis 
was in a patient with a carotid cavernous fistula secondary to a gunshot 
wound. In one instance, a delayed occlusion of the ICA occurred in a pa- 
tient with an iatrogenic CCF (following endarterectomy). 

A similar experience was reported by Tsai and Hieshima (1983). The 
development of oculomotor palsies after the repair in Debrun’s series 
(1978) was 36% when the balloon was filled with silicone and 17% when 
inflated with iodinated contrast material. Debrun makes no mention of 
the material used to fill the balloon in his patient with a permanent ocu- 
lomotor palsy. Peeters and Kroger (1979) filled their latex balloons in six 
(out of seven) patients with silicone, and only one of three patients with 
oculomotor palsy had recovery of the third nerve but not the sixth nerve. 
Tsai (1983), who uses nondeflating silicone balloons, has reported a rate of 
5.4% permanent ophthalmoplegia after treatment. 

Although we do not have a full explanation for the variable progression 
of the postdeflation pouches, one must realize that these lesions, which in 
the internal carotid artery usually follow trauma, could lead to either rup- 
ture of a developmental arterial aneurysm or a secondary traumatic rup- 
ture not previously observed (Fig. 6.41). The overwhelming carotid flow 
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Fig. 6.41 A-G. A 35-year-old 
man with posttraumatic left- 
sided cavernous carotid fistula 
(CCF) resulting from a motor 
cycle accident 3 weeks earlier. 
First angiogram (A, B), C4-C5 
segment CCF. Two traumatic 
aneurysms were seen at oph- 
thalmic artery origin and pos- 
terior communicating artery 
(PcomA). Embolization was 
performed with detachable bal- 
loon (C). D-G see p. 328 




supplying the AVF following repair is then exerted on the weakened or 
false wall of the preexisting aneurysm. Observation of the venous phase of 
the postembolization angiogram, paying attention to the patency of the 
ipsilateral cavernous sinus, in the presence of a venous pouch, may sug- 
gest the progression of a small preexisting traumatic or developmental 
arterial aneurysm; it may be an indication for sequential follow-up an- 
giograms. 

The balloon may be superimposed on the carotid lumen in one or two 
views; oblique projections should be obtained to be certain that the bal- 
loon clears the lumen of the carotid artery before detaching it (Fig. 6.42). 

Balloons of any type, when entering the cavernous sinus, may take 
a lobulated configuration as they mold to the septations within the cav- 
ernous sinus (Fig. 6.43). One balloon is usually needed to close most fis- 
tulae, but on occasion multiple balloons may be needed. 
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Fig. 6.41 ( continued ). D, E Five weeks later, balloon deflated partially and moved. 
Some opening of the CCF was noted and enlargement of the arterial aneurysms and 
intracavernous sac. Three weeks later, the patient presented a subarachnoid hemor- 
rhage: the PcomA lesion was considered to be the cause. The patient was referred af- 
ter recovery with conservative treatment 3 weeks later. Progressive narrowing of the 
left internal carotid artery (ICA) system was seen and stagnation of contrast in all 
pouches was noted. Following a failed attempt to cross the two proximal aneurysms 
to get into the PcomA for coiling, the left ICA was sacrificed after the occlusion test. 
The occlusion was achieved with the first gold valve balloon (GVB) partly in oph- 
thalmic aneurysm and partly into the ICA, which was further packed with coil to 
achieve complete exclusion (F, G). The patient recovered well and the last follow-up 
angiogram (6 months later) shows shrinkage of the left PcomA. (Courtesy of S. Pong- 
pech) 
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Fig. 6.43. A Frontal plain skull film after balloon repair of a traumatic cavernous 
carotid fistula. Note the lobulated configuration of the balloon. B Lateral subtraction 
angiogram, same patient. The balloon (arrowhead) is in the posterior cavernous 
sinus. The internal carotid artery flow is preserved 
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Fig. 6.44. When the detachable 
latex balloon failed to deflate 
(A), a 0.012-in. (or smaller) 
microguidewire (B) was insert- 
ed and the balloon reinflated 
to push the tip of the guidewire 
into the distal part of the bal- 
loon (C). When deflated again, 
the guidewire will center the 
nose of the microcatheter in 
the lumen of the balloon, which 
can then be completely deflated 
(D). The guidewire can subse- 
quently be withdrawn 



When one cannot preserve the carotid artery (by balloon, coils, stenting, 
or glue), trapping the fistula will be necessary by putting a balloon distal 
to or at the fistula site and a second balloon proximal to the fistula 
(Fig. 6.13), as close as possible, to ensure occlusion of the communication. 

The use of a microguidewire inside the balloon catheter may be useful 
to negotiate difficult turns or to deflate a balloon completely prior to 
repositioning (Fig. 6.44). 

Venous Approach 

The venous approach is very useful in the subacute or chronic stages, and 
it is more hazardous in the acute stage when the draining veins have not 
acquired much wall thickening and strength. Mechanical perforation may 
occur while catheterizing transvenously (Fig. 6.45). 
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Fig. 6.45 A, B. Same patient 
as Fig. 6.8, venous approach. 

A Lateral subtraction an- 
giogram of the right internal 
carotid artery after a Fogarty 
balloon catheter (arrow) was 
inserted retrograde via the 
jugular inferior petrosal route. 
Note preservation of the inter- 
nal carotid artery. A small 
cavernous aneurysm remains. 
B Lateral subtraction angio- 
gram 3 months later. The bal- 
loon has deflated and the 
cavernous aneurysm has de- 
creased in size. (From Manelfe 
and Berenstein 1980, with 
permission) 
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Inferior Petrosal Approach 

If the anatomy of the fistula and its venous drainage are favorable (the fis- 
tula being in the posterior superior compartment, draining into the infe- 
rior petrosal sinus), then occlusion of the fistula can be accomplished by 
the retrograde transjugular approach using a microcatheter for coils or 
even a detachable balloon catheter system. When using this approach, one 
should be cautious not to convert the posterior drainage into a purely an- 
terior one. It is also often possible to reach the involved cavernous sinus 
region across the midline via the retroclival anastomosis from the oppo- 
site inferior petrosal sinus (Mullan et al. 1979; Manelfe and Berenstein 
1980; Debrun et al. 1981; Kendall 1983). 

Retrograde Ophthalmic Vein Catheterization 

The first three cases reported used detachable balloons or coils (Uflaker 
1983). This approach should be considered in cases of previous ligations 
of the internal carotid artery and where there is no access via the arterial 
or posterior venous side. In Uflaker’s (1983) experience, the procedure 
was done after cutting down on the frontal division of the vein rather than 
percutaneously. Furthermore, the safety of the technique is directly relat- 
ed to the age of the fistula. In the chronic group, the thickened wall of the 
ophthalmic vein provides easy control, whereas in acute fistulae the ve- 
nous wall is thinned and fragile. Intraoperative transvenous retrograde 
catheterization of the sylvian venous system towards the cavernous sinus 
region is yet another option, sometimes necessary to gain access to and 
obliterate the venous aspect of the fistula. 



6.2.5. 2 Manual Compression 

Manual compression of the medial canthus in CCFs draining exclusively 
into the ophthalmic system is usually very effective. Testing at the time of 
the angiographic study may show stagnation of contrast in the cavernous 
sinus during compression (Fig. 6.7). This maneuver is not recommended 
in the acute stage. 



6.2.5. 3 The Use of NBCA in the Management of Carotid Cavernous Fistulae 

N-butyl-cyano-acrylate (NBCA) has limited indications in the manage- 
ment of CCF (Fig. 6.28), but it is the agent of choice for lesions of the in- 
fero-lateral trunk (ILT) (Figs. 6.7, 6.13, 6.28), where balloons cannot en- 
ter the small ruptured vessel. Prior to NBCA injection, one must ensure 
reliable protection of the cerebral and ophthalmic circulation. 
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Fig. 6.46A, B. Same patient as Figs. 6.9, 6.26. A Lateral subtraction angiogram of the 
left vertebral artery after three balloons were placed in the aneurysmally dilated cav- 
ernous sinus ( small arrowheads), and a fourth balloon ( curved arrow) in the internal 
carotid artery trapping the fistula. Note the elevation of the posterior communicat- 
ing artery by the distended cavernous sinus ( solid arrow) (compare with Fig. 6.9). 
B 24 h after embolization, while the patient was ambulant, a severe headache devel- 
oped, associated with the development of a sixth nerve palsy, which resolved spon- 
taneously in 4 weeks. Note collapse of the dilated cavernous sinus with the corre- 
sponding downward displacement of the left posterior communicating artery ( broad 
arrow). (From Berenstein et al. 1980, with permission) 



6.2.6 Postembolization Care 

Postembolization care is primarily related to the early postembolization 
period and refers to bed rest, control of nausea and vomiting, and other 
maneuvers to prevent balloon migration (Fig. 6.38); 24-36 h appears suf- 
ficient. Analgesics are needed to control the pain that may occur in the 
first weeks as the cavernous sinus and/or the fistula is thrombosing. On 
occasion, delayed cranial nerve dysfunction may occur as the distended 
cavernous sinus collapses (Fig. 6.46) but usually resolves in 2-5 weeks. 
This is a more frequent event following treatment of cavernous aneurysms. 

A frontal and lateral skull X-ray should be obtained immediately after 
detachment to document the baseline position and size of the balloons. If 
any clinical problems occur a repeat plain skull film will be of assistance 
to possibly explain the clinical change or deterioration. If the internal 
carotid artery had to be sacrificed the postoperative care protocol, as re- 
viewed in Chap. 14, should be followed. 

Secondary changes, including balloon deflation or untreated dissecting 
aneurysms, should be anticipated and followed up carefully (Fig. 6.41). In- 
tradural flow-related aneurysms associated with TCCFs should be ana- 
lyzed carefully and will not need to be treated in most cases at the suba- 
cute or chronic stage. Their regression is expected following exclusion of 
the TCCF, similar to what is seen in cerebral arteriovenous malformations 
(Figs. 7.122, 11.123). 
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6.3 Other Traumatic Arteriovenous Fistulae 

6.3.1 Extracavernous Arteriovenous Fistulae 

Extracavernous TCCFs can be encountered and correspond to the ICA 
rupture at the clinoid portion, probably at the level of the carotid cave. The 
drainage often creates venous ectasias near the chiasm, with a risk of sec- 
ondary rupture (Figs. 6.47, 6.48). Medial ruptures of the capsular arteries 
into the pituitary venous plexus also tend to produce large subarachnoid 
venous pouches (Fig. 6.49). Failure to recognize these fistulous locations 
outside the cavernous sinus region will often lead to unsuccessful en- 
dovascular procedures. 

Extracavernous extracranial AVFs with intracranial venous drainage 
may cause similar symptoms and signs when the drainage involves 
the cavernous sinus secondarily (Figs. 11.1, 11.3). They may have clinical 
manifestations similar to any other intracranial AV shunt: headaches, 
seizures, and intracranial hemorrhage or neuro-ophthalmic symptoms. 
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Fig. 6.48. Traumatic cavernous 
carotid fistula with medial in- 
ternal carotid artery (ICA) 
clinoid segment injury (A). The 
drainage is contralateral with 
chiasmatic ectasia (B) and 
drainage into the left cavernous 
sinus (C). The left ICA was 
ligated surgically (D). Em- 
bolization with a single gold 
valve balloon into the sellar 
ectasia 3 months after the trau- 
ma achieved complete exclu- 
sion (E) 
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Fig. 6.49. Traumatic cavernous carotid fistula related to an intradural arterial rupture 
into the hypophyseal portal system (A, B). The disposition was only recognized after 
failure to enter the fistula from the cavernous sinus. The intradural surgical approach 
was adopted, which allowed successful clipping of the feeder (C, D). (Courtesy of 
S. Suthipongchai) 



Similar to TCCFs, the clinical symptoms will not depend on the site of the 
arteriovenous communication, but on the venous drainage of the AVF. 

Scialfa et al. (1979) reported the case of an AVF fed by the external 
carotid artery and draining into the internal jugular vein. This patient 
presented with a thrill in the mandibular region and generalized seizures 
that were related to intracranial cortical venous drainage. 

When analyzing the architecture of these lesions, it is mandatory to dis- 
tinguish those with purely extracranial drainage from those with intra- 
cranial venous drainage in order to anticipate future risks - or the natu- 
ral history - of these diseases. In AVFs with purely extracranial venous 
drainage, clinical manifestations include facial pain (Halsted 1919) and 
deformation of the pathological region because of the pulsatile mass as- 
sociated with a thrill and bruit. Specific symptoms such as cardiac over- 
load in the pediatric population (Kuss et al. 1979; Girevendulis et al. 1980) 
or epistaxis (Reinhoff 1924) have been described. Spontaneous high-flow 
AVFs of the extracranial carotid system are extremely rare and only 14 pa- 
tients with spontaneous AVFs of the extracranial external carotid artery 
(Sedat et al. 1999 for review) and two patients with spontaneous AVFs of 
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the cervical internal carotid artery (Fraser 1971) have been reported in 
the literature. When discovered, one should suspect spontaneous rupture 
of an abnormal arterial wall related to a collagen disease such as Ehlers- 
Danlos disease. Other disorders affecting the vascular wall such as fibro- 
muscular dysplasia (Bahar et al. 1984) or neurofibromatosis (Deans et al. 
1982) may also be detected. This situation requires careful management of 
these patients because any vessel manipulation may lead to further vas- 
cular damage. Surgery does not cure these difficult lesions because of 
their nature, location, architecture, and vessel fragility. Treatment must 
exclude the fistula totally. Simple ligation or proximal embolization of the 
feeding vessel carries the high risk of recurrence due to the vast collater- 
al network in the head and neck region. Endovascular treatment of these 
AVFs has now been accepted as the treatment of choice. It offers a very 
high rate of cure (Scialfa et al. 1979; Berenstein et al. 1986; Reizine et al. 
1985) and is associated with low morbidity. The goal of treatment is to oc- 
clude specifically the fistulous communication preserving, if possible, the 
parent artery. Therefore, it is important to analyze the exact location of 
the fistula, despite its insignificance in the understanding of the symp- 
toms. In some circumstances, sacrifice of the parent vessel cannot be 
avoided and will have to be tested and balanced against the risk of the 
present venous drainage. Because they are simple, safe, and cheap, de- 
tachable balloons are the most commonly used embolic agents (Halbach 
et al. 1988a; Wu et al. 2000) in traumatic AVFs. Transarterial approaches 
are therefore often preferred to transvenous techniques (Halbach 1988). 



6.3.2 Vertebral Arteriovenous Fistulae 

Fistulous connections of the vertebral artery occur frequently after trau- 
ma (Markham 1969). The anatomical location and relationship of the ver- 
tebral artery and surrounding veins, as well as the mechanism of forma- 
tion in traumatic VAFs, are similar to what has been reviewed with trau- 
matic pseudoaneurysms. It appears that AVFs are more frequent than 
traumatic pseudoaneurysms in the vertebral distribution, which is prob- 
ably related to the proximity of the vertebral artery and its surrounding 
venous plexus (Davis and Zimmerman 1983). 

Traumatic lesions can occur at any level of the vertebral artery. They 
may be associated with a large expanding false aneurysm (Fig. 6.50) 
and/or multiple AV fistulae on other vessels as well as other traumatic vas- 
cular injuries such as thrombosis. 

They may follow gunshot wound injuries (Fig. 6.51). The most frequent 
location is high at the Cl, C2, or C3 level (Goodman 1975). Proximal VAFs 
will be seen in some rare iatrogenic cases (Fig. 6.52). 

Hematomas in the neck may occur subsequent to the acute injury with 
tamponade or delayed presentation of the fistula days, weeks, or even 
years later. They may be secondary to direct injury of the vertebral artery 
by a fractured bone and therefore careful analysis of associated bony in- 
juries is important. 
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Fig. 6.50. A Clinical picture of a 19-year-old male patient demonstrates an old scar 
from the original injury as well as the pulsatile soft tissue mass in the retroauricular 
region. B Lateral subtraction angiogram of the left vertebral artery demonstrates 
a fistula at Cl with an aneurysmally dilated venous outflow ( open curved arrow). 
C Lateral subtraction angiogram in arterial phase of the left occipital artery (arrow). 
Additional fistulae are demonstrated ( arrowheads ). D Clinical picture of the same 
patient 3 weeks after embolization, with complete disappearance of the abnormal 
pulsations and mass 
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Fig. 6.51. A Vertebral angio- 
gram by axillary approach 
(i arrowheads ) in case of trau- 
matic vertebral arteriovenous 
fistula following gunshot 
wound injury. The fistula ( bent 
arrow) is at the C2 level. The 
venous outflow is cranial 
toward the epidural venous 
plexus ( curved arrow ) and to 
the paravertebral venous plexus 
(solid arrow) and caudal to the 
epidural plexus ( small curved 
arrow). Note a vein following 
the C3 nerve (arrow). B Lateral 
subtraction angiogram after 
embolization; the balloon is 
(arrow) in the venous side and 
the vertebral artery is patent 



Fig. 6.52A, B. 
Legend see p. 341 

▼ 
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Fig. 6.53A-C. Iatrogenic common carotid fistula following percutaneous placement 
of a Swan-Ganz catheter in an 80-year-old woman with congestive heart failure 
(CHF). The fistula further aggravated the cardiac insufficiency. A Right anterior 
oblique subtraction angiogram: small fistula at the proximal segment of the right 
common carotid artery ( curved arrow) draining into the jugular vein (arrow). 
B Later phase. C Innominate artery angiogram after balloon repair of the fistula. 
The CHF resolved after occlusion of the fistula 



◄ Fig. 6.52. A Frontal subtraction angiogram, early arterial phase, demonstrates an 
iatrogenic fistula following accidental puncturing of the vertebral artery during an- 
giography. A fistula in the proximal one-third of the vertebral artery associated with 
subintimal dissection ( small arrows) is seen to drain primarily downward the in- 
nominate vein ( open curved arrow). B Opposite right vertebral injection ( curved 
arrow) for verification before balloon detachment; the fistula fills in a retrograde 
manner. The dissection (small arrows) is seen best, as well as downward filling of the 
innominate vein (open curved arrow). Two balloons are seen in the proximal left ver- 
tebral artery (arrowheads). Complete obliteration of the fistula could be obtained by 
further inflation of the second balloon 
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6.3.3 Common Carotid Fistuiae 

The incidence, natural history, and clinical presentation of these lesions 
is difficult to assess in view of their rarity. They usually follow trauma 
related to penetrating injuries (Fig. 6.53, p. 341). Airway compression from 
large hematomas and associated venous injuries should be investigated. 
Phrenic nerve and cervical injuries can be associated with lateral injury. 

The pretherapeutic evaluation, principles, and techniques of treatment 
are similar to other fistula situations; detachable balloons are still the 
agents of choice while the role of covered stents is being explored. 



6.3.4 External Carotid Fistulae 

The incidence of external carotid fistulae (ECFs) of any kind is very low. 
ECFs cover 7% of all our head and neck AVFs and 1 1% of all carotid ar- 
tery fistulae. The middle meningeal artery (Fig. 6.54) is most frequently 
involved in traumatic fistulae, followed by the occipital (Fig. 6.50) and 
superficial temporal arteries (Fig. 6.55). Extracranial fistulae are most fre- 
quently of the spontaneous or congenital type (see Chap. 11). The history 
of trauma, although suggestive of a traumatic AVF, should be taken with 
caution, and underlying arterial fragility such as in Ehlers-Danlos type IV 
(ED IV), and neurofibromatosis type 1 (NF1) needs to be considered even 
in minor trauma with high flow and recurrent or bilateral lesions. 




Fig. 6.54. A Lateral subtraction angiogram of the middle meningeal artery shows a 
direct arteriovenous fistula draining into a dural vein ( curved arrow). B Later phase, 
the lesion is secondarily draining into the pterygoid venous plexus via the vein of the 
foramen ovale. Note the normal caliber of the middle meningeal artery (small curved 
arrow) distal to the fistula 
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Fig. 6.55 A-G. Traumatic scalp fistula in a 13-year-old boy presenting with a pulsatile 
tumefaction of the left side of the scalp. A Enhanced CT scan demonstrates the soft 
tissue tumefaction. B Superselective catheterization of the parietal branch of the 
superficial temporal artery ( open curved arrow) demonstrates the fistula ( curved 
arrow). Note the smaller branch ( curved arrow), to be compared with D and F. C Lat- 
eral angiographic examination of the occipital artery (arrow) demonstrates the 
fistula ( bent arrow) and retrograde filling of the parietal branch of the superficial 
temporal artery (open curved arrow). D Catheterization of the frontal branch of the 
superficial temporal artery (arrow) fills the same collateral pathway demonstrated in 
B (small curved arrow) and the parietal branch of the superficial temporal artery 
(open curved arrow). E-G see p. 344 






Fig. 6.55 ( continued ). E Radiopaque glue. F Postembolization follow-up angiogram 
of the external carotid artery. Note filling of the frontal branch of the superficial tem- 
poral artery, the same collateral anastomotic pathway ( small curved arrow) with no 
filling of the fistula. IBCA cast ( curved arrow). IBCA in the fistula is subtracted ( solid 
arrow). The occipital artery does not reach the lesion although this vessel was not 
embolized (compare to C). G Contralateral superficial temporal follow-up angio- 
gram demonstrates cross-circulation without filling of the fistula 
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Fig. 6.56. A Axial enhanced CT demonstrates a subdural hematoma with enhancing 
membrane (small arrows). B Frontal subtraction angiogram of the selective middle 
meningeal artery demonstrates some extravasation ( arrowheads ). Two years after 
embolization of the middle meningeal artery with particles and surgical evacuation 
of the recurrent hematoma, there is no evidence of recurrence 



Intracranial fistulae may originate from dural branches of the external 
carotid artery. Because of their intracranial location, they may present 
with intracranial hemorrhage that may be an extra-axial collection, either 
acute or chronic (Fig. 6.56), or they may also present with intracerebral 
hemorrhages if they have cortical venous drainage. 

In traumatic middle meningeal fistulae, there was a frequent associa- 
tion with AVFs and pseudoaneurysms. If a middle meningeal fistula or 
other intracranial fistula has a purely dural or diploic drainage chances of 
hemorrhage are low and SAH will be absent. Although associated with 
cortical venous drainage, they carry a high risk of hemorrhage and in ad- 
dition they can present with convulsions or neurological deficits (Bitoh et 
al. 1980). In patients with pure dural drainage, although it involves the 
cavernous sinus, they may present with neuro-ophthalmological findings 
similar to those of TCCFs. 

Endovascular embolization is the treatment of choice, with a cure rate 
of over 95%, with low therapeutic risks and significantly less morbidity 
and hospitalization than any other form of treatment (Berenstein and 
Kritcheff 1980; Scialfa et al. 1979; Reizine et al. 1985). The choice of em- 
bolic agents depends on the location of the fistula and its flow character- 
istics. AVFs of the main trunk of the external carotid artery can occur sec- 
ondary to trauma, including complete transection of the external carotid 
artery, but they may be difficult to demonstrate. Collateral circulation 
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◄ Fig. 6.57 A-N. Complete laceration of the external carotid main trunk following pen- 
etrating trauma. The upper segment of the fistula is demonstrated via collateral cir- 
culation. However, the proximal transected segment was difficult to assess; in addi- 
tion, due to the high-flow hemodynamic steal toward the fistula, associated vascular 
injuries could have been missed. A Proximal external carotid angiogram with flow 
arrest using a double-lumen Berenstein occlusive balloon catheter (arrow). Note the 
transection of the external carotid artery ( double arrowhead), the distal portion of 
the fistula ( open curved arrowhead) and the pseudoaneurysm of the facial artery 
( arrowhead ). B Late phases demonstrate the venous anatomy with dilatation of the 
facial veins. C Diagrammatic representation of this complex lesion. IC, internal 
carotid; T, superior thyroidal artery; F, facial artery; L, lingual artery; 0, occipital 
artery; S, stylomastoid artery; A, posterior auricular artery; Ph, ascending pharyn- 
geal artery; Pi, ascending palatine artery; M, maxillary artery; T, superficial tempo- 
ral artery. Legends in italic correspond to contralateral opacification of the arteries 
listed above. C, cervical arteries; V, vertebral artery. D Vertebral angiogram: 1, neu- 
romeningeal trunk; 2, middle pharyngeal branch of the ascending pharyngeal artery 
(giving rise in this case to the artery of the soft palate); 3, arterial odontoid arch sys- 
tem; 4, posterior radicular anastomotic branch of the second cervical space; 5, prox- 
imal occipital artery. E-N see pp. 348-351 



analysis may be useful to localize the fistula (see Vol. 1, Figs. 4.6, 9.9, 9.15, 
9.25, 10.8, 11.3). However, if complete transection of the main trunk oc- 
curs the proximal segment may be difficult to visualize. In addition, they 
may be part of a complex vascular hemodynamic steal and fail to opacify 
other existing branches. In these circumstances, the use of flow arrest with 
a double-lumen balloon catheter can be useful to see the fistula better 
(Fig. 6.57). 
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Fig. 6.57 ( continued ). E Ascending pharyngeal angiogram, oblique projection. Visual- ► 
ization of the musculospinal artery (6) and retrograde filling of the ascending cervical 
artery (7). F Deep cervical angiogram: 8, deep cervical artery showing the distal occip- 
ital artery (9). Internal carotid injection in lateral view early (G) and later (H) phase: the 
cavernous anastomoses ( curved arrow) are recruited. G-N see pp. 349-351 
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Fig. 6.57 ( continued ). Selective injection of the distal external carotid artery (I), distal 
to the fistula; note the caliber of the stylohyoid artery {arrow). J Selective catheteri- 
zation {small arrows) and injection of the occipital artery {asterisk) distal to the 
external carotid ligation {two solid arrows). Visualization of the fistula through the 
stylomastoid anastomosis {curved arrow) and the posterior auricular artery {curved 
arrow). K Schematic representation in lateral view of the distal external carotid ar- 
tery and its branches. The occipital (1), stylomastoid {2 and 3) as well as the posteri- 
or auricular (4) arteries are seen. L-N see p. 351 
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Fig. 6.57 ( continued ). L-N Selective injection ( small arrows) of the distal ascending 
palatine artery. Lateral view, (L) early and (M) late phases. Note the soft palate anas- 
tomosis ( open arrow), internal maxillary trunk. N Schematic representation of the 
soft palate anastomotic confluence (small asterisk). The large asterisks illustrate a 
theoretical elementary constraint on the internal maxillary trunk. The main channels 
for resupply are the accessory meningeal ( curved arrow), greater (curved arrow) and 
ascending palatine (arrow) arteries. Note the eustachian tube meatus anastomotic 
system (asterisk) in which the ascending pharyngeal artery (double arrow) resup- 
plies the maxillary artery (curved arrow) distal to the ligation (small black asterisk). 
(From Lasjaunias 1979, with permission) 
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Fig. 6.58A-H. A 54-year-old woman with a penetrating trauma (gunshot wound). 
Two entries were found: one in the submandibular region ending in the vicinity of 
the jugular foramen on the right side and the second one from the temporal fossa to 
the orbit on the right side as well. A Tongue hemorrhage with extravasation of con- 
trast at the origin of the palatine artery. B, C Injury of the middle meningeal artery. 
D Adventitial injury to the right internal carotid artery (ICA). E-H see p. 353 








External Carotid Fistulae 353 




Fig. 6.58 ( continued ). E-H With secondary dissection on the left ICA 



Detachable balloons are the preferred embolic agent for large AVFs of 
the external carotid artery trunk and its branches. The high flow helps 
guide the balloon to the site of the fistula. When using detachable balloons 
in these high-flow conditions, precise placement of the balloon at the fis- 
tula site may be difficult, as the high flow may push the balloon into the 
venous side with significant sump force. Manual compression of the dis- 
tal drainage may secure the position of the first balloon before detach- 
ment of a second one. The AVF is usually at the site of an abrupt change in 
caliber between the artery and the vein. Large fiber coils are sometimes 
used to create a cage allowing the balloon to remain at the fistulous point. 
Actually these AVFs are seldom of a high flow, as they correspond to pen- 
etrating injury with a local hematoma. Only chronic partially treated ones 
with emergency surgical ligation and hematoma removal may become 
challenging, with flow similar to the congenital ones (see Chap. 11). 

For fistulae that are more distal in location (Fig. 6.55), a liquid embolic 
agent such as NBCA is often chosen. Coils should be used at the venous 
opening of the fistulous point. 

Associated dissections should be anticipated at the early stage but also 
later in the progression when the hematomas have reabsorbed or been 
evacuated, in particular with adventitial injuries (Fig. 6.58). Venous in- 
juries should be sought in order to orientate the ICU central line manage- 
ment when one jugular vein has already been injured by the trauma 
(Fig. 6.59). 

Coils are sometimes used in subacute management of cervical trau- 
matic AVFs (Fig. 6.60). 
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Fig. 6.59. Penetrating trau- 
ma of the neck treated by sur- 
gical ligation of the right inter- 
nal carotid artery and external 
carotid artery (A). Note the 
occlusion of the jugular vein 
that was not seen at the time of 
the surgery (B, C). Left jugular 
central line should be avoided 
to preserve good intracranial 
venous drainage 

6.3.5 Malignant Fistulae 

Vessel erosion by malignant infiltration or following radiation of a malig- 
nant lesion may result in a fistula between an eroded artery or arteries and 
the tumor. These lesions can even communicate with other vessels through 
the same fistula (Fig. 6.61), which maybe a major unexpected danger dur- 
ing embolization. For the most part, malignant invasion of a major artery 
will manifest itself as a pseudoaneurysm with massive bleeding, requiring 
immediate management (see Chap. 7). During treatment the fragility of 
the involved vessels requires particular caution. The principles of man- 
agement discussed in pseudoaneurysms should be followed (see Chap. 7). 




6.3.6 Other Epistaxis 

Epistaxis may be the presenting symptom of other diseases and may 
create specific complications related to the particular conditions of the 
patient (Fig. 6.62) and following minimal trauma. Hereditary hemorrhag- 
ic telangiectasia is one of these conditions, discussed in Vol. 3. 
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Fig. 6.60. A 22-year-old man suffered a gunshot wound with loss of consciousness, 
right-sided hemiparesis (A) and dysphasia. Four weeks later he was treated for 
carotid-jugular arteriovenous fistula (B) by self-expanding stent graft (C-E). Five 
months later the patient had good recovery with return to independent life. (Cour- 
tesy of L. Batista) 
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Fig. 6.61 A-H. Legend see p. 357 
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◄ Fig. 6.61 A-H. A 23-year-old female patient with a mesenchymal chondrosarcoma in 
the cavernous-petrous area treated with radiation therapy. A Lateral carotid an- 
giogram demonstrates narrowing of the internal carotid artery ( arrowhead ). B Lat- 
eral subtraction angiogram of the distal external carotid artery demonstrates mini- 
mal hypervascularity from the petrosal branch of the middle meningeal artery 
(arrowhead). C Four years later, the patient was referred because of rapid increase in 
the size of the tumor. Note the marked change in the tumor hypervascularity, as 
shown on the lateral subtraction angiogram of the middle meningeal artery (arrow). 
D Lateral internal carotid artery angiogram after a balloon (open arrowhead) occlu- 
sion distal to the cavernous branches. Note the development of a fistula between the 
petrous segment of the internal carotid artery and the tumor (arrowheads). E Later- 
al film of the skull following 95% ethanol infusion of the tumor bed after the distal 
internal carotid artery was protected by a detachable balloon (open arrow). A second 
balloon was placed more proximally to trap the carotid artery (arrow). Tumor bed 
(small arrows). F Contrast-enhanced CT prior to ethanol infusion shows tumor fill- 
ing the temporal fossa, and suprasellar cistern and invading the petrous bone. G CT 
1 week after the ethanol treatment. Note the significant reduction in size of the in- 
fused area. H CT follow-up 16 months later (contrast could not be given for technical 
reasons). The patient underwent partial resection of tumor, which was mostly 
necrotic and remained stable. There has been subsequent calcification in most of the 
remaining tumor 



6.3. 6.1 Coagulopathy 

Epistaxis is a frequent complication of coagulopathies in children. If 
needed, they can be controlled and stabilized by particle embolization in 
addition to the general treatment of the primary disease. Angiography 
usually shows a normal appearance of the nasal mucosa. The goal is there- 
fore only local dearterialization with careful avoidance of the orbital anas- 
tomoses, which are usually widely patent in children. 



6.3.6.2 Spontaneous Epistaxis 

Spontaneous epistaxis usually occurs in the fifth decade and may be asso- 
ciated with hypertension or hepatic insufficiency. The epistaxis resolves 
with packing and usually does not recur. However, in some patients, the 
intensity or repetition of hemorrhages in a short period of time may be an 
indication for more invasive treatment. In this situation, embolization is 
preferred to ligation since it can take into consideration the various 
anatomical variations and predictably results in hemostasis and allows for 
removal of the packing in the angiography room. Treatment of the hyper- 
tension or the liver disease must obviously be addressed at the same time. 



6.3. 6.3 Tumoral Epistaxis 

Epistaxis may form part of the presenting symptoms with lesions such as 
juvenile angiofibroma, capillary hemangiomas of the nasal fossa, or ma- 
lignant tumors. Although embolization may allow removal of the packing, 
a strategy attempting to treat the primary disease as well as its hemor- 
rhagic complication should be considered simultaneously. Therefore, pa- 






Fig. 6.62A-C. Selective injection of the internal maxillary artery in three different 
clinical situations (lateral view). A Congenital hemorrhagic telangiectasia with 
major ipsilateral bleeding. Note the small vascular malformations on the palate and 
the nasal fossa ( small arrows). B Posterior orbital tumor in a 28-year-old female pa- 
tient who had no history of epistaxis. The angiogram was performed 2 days before 
her menstrual period. Note the intensity of the nasal blush and its drainage in the 
superior ophthalmic vein ( small arrows). C see p. 359 
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Fig. 6.62 ( continued ). C Spontaneous and massive epistaxis in a premenopausal 
52-year-old female patient with neither personal nor familial epistaxis. Note the ex- 
travasation of contrast material between the middle and inferior turbinates ( small 
arrows) 



tients presenting with spontaneous epistaxis in the fifth decade of life 
should undergo CT examination to rule out possible nasal tumor or a 
sphenoid lesion. 



63.6.4 Biopsy 

Diffuse epistaxis may follow biopsy of an unexpectedly highly vascular 
lesion. Embolization can provide hemostasis if this cannot be obtained by 
conventional packing. Endovascular dearterialization of the base of the 
skull or the nasal fossa area prior to biopsy in a highly vascularized lesion 
(Figs. 6.63, 6.64) most often does not alter the pathological diagnosis if the 
embolization is performed with particles. On the other hand, misinter- 
pretation of the histological findings related to tumor necrosis may occur 
after aggressive embolization with a liquid embolic agent, and such man- 
agement should not be used in these circumstances if possible. 
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Fig. 6.63. Acute hemorrhage occurring after biopsy in a patient with a vascular mal- 
formation of the nasal fossa. Note the forceps (arrowhead) necessary to ensure he- 
mostasis. In this case, the nasal branch of the ophthalmic artery is the major supply 
to the lesion. The other feeders from the maxillary and facial arteries have been 
embolized. Manual compression on the medial canthus after the external carotid em- 
bolization allowed satisfactory control of the bleeding 




Fig. 6.64A, B. Massive epistaxis following transnasal biopsy of a maxillary tumor. 
Presence of a small iatrogenic fistula (A). 3-D angiogram clearly shows the posttrau- 
matic aneurysm and the draining vein on the medial (nasal) view of the tumor (B) 





Fig. 6.65. A Intrasinus extrava- 
sation of contrast material (ar- 
rowheads) in a patient present- 
ing with difficulty controlling 
epistaxis following maxillofacial 
trauma. B Complex trauma of 
the maxillofacial area with 
massive ipsilateral bleeding. 
Note the absence of nasal ab- 
normality ( asterisk ) and the 
posttraumatic facial artery oc- 
clusion (arrow) 
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6.3.6.S Traumatic Epistaxis 

Traumatic epistaxis events illustrate the most rewarding aspect of em- 
bolization, given the efficiency of endovascular treatment required to help 
the normal vasculature to produce hemostasis. Internal carotid artery an- 
giography should be carried out first to rule out bleeding from this vessel 
into the sphenoid sinus. Attention should be paid to the ethmoidal arter- 
ies as a possible source of bleeding. Then the protocol of embolization can 
be carried out and the packing removed at the end of the procedure, pri- 
or to withdrawal of the angiographic catheters. In general, embolization is 
indicated when anterior and posterior packing are not effective, when 
the epistaxis recurs after removal of the packing, or when septic com- 
plications develop in patients with fractures of the paranasal sinuses 
(Fig. 6.65, p. 361). 

As a general principle, we feel that every patient with epistaxis should 
initially receive traditional treatment with anterior and posterior nasal 
packing. Embolization, which almost always produces hemostasis, is pre- 





Fig. 6.66A-C. A 23-year-old female patient presented with profuse bleeding imme- 
diately after wisdom tooth extraction. CT showed no bone lesion; after spontaneous 
hemostasis, sudden massive recurrence led to emergent transarterial embolization 
with glue. Note the extravasated opacified blood at the level of the removed tooth 
(A, B). Immediate embolization with glue successfully obtained hemostasis (C) 






Traumatic Epistaxis 363 



ferred over vascular ligation. Angiography will not demonstrate extrava- 
sation if the packing is effective enough to transiently produce the neces- 
sary hemostasis (Fig. 6.65). Immediate embolization should be done when 
extravasation of contrast is demonstrated, as it points to the arterial leak- 
age (Fig. 6.66). Superselective injection and embolization of the false sac 
should always be avoided at the acute stage. Surgical clipping of the eth- 
moidal arteries is indicated when there is direct angiographic evidence of 
their involvement or when following proper embolization of both internal 
maxillary and facial arteries, epistaxis continues to occur. 
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7.1 From Aneurysm to Aneurysmal Vasculopathies 

7.1.1 General Perspectives 

The prevalence of arterial aneurysms (AAs) in Western populations is 
3%-5%, ten times higher than the frequency of arteriovenous malforma- 
tions (AVMs) in the same population group. Arterial aneurysms are the 
cause of primary subarachnoid hemorrhage (SAH) in 65%-85% of cases; 
AVMs account for 5% of cases and the etiology is unknown in 15%— 30% 
of cases. The incidence of aneurysmal SAH is 5-10/100,000 per year and 
it reaches 20/100,000 in Finland and Japan (Ronkainen et al. 1993). For 
comparison, the incidence of AVM cases is about 2/100,000 per year. Such 
statistics led Wiebers (International Study of Unruptured Intracranial 
Aneurysms 1998) to suggest that “most intracranial aneurysms do not 
rupture.” 

The clinical consequences of SAH are such that emphasis should be 
placed on the understanding of AA as a group of diseases and on the pre- 
vention of their rupture. 

The incidence of AAs increases with age both in autopsy and in clinical 
series; the incidence of AAs in children is very low, even in familial AA or 
associated disease (see Vol. 3). In adults, females are more often affected 
than males and this observation cannot be explained by the increased 
proportion of females in the older age group. The female predominance is 
not seen in children, where a male dominance is noted, nor is it present in 
the Finnish familial forms of AA, particularly in the anterior communi- 
cating artery location (AComA) (Ronkainen et al. 1997). 

In 1997, Schievink proposed a relatively simple concept. “Intracranial 
AAs are acquired lesions, that are most commonly located at the branch- 
ing points of the major cerebral arteries coursing through the subarach- 
noid space at the base of the brain.” He also stated, “Intracranial arteries 
have an attenuated tunica media and a lack of external elastica lamina, in- 
tracranial AA have a thin tunica media or none, and the internal elastica 
lamina is either absent or severely fragmented.” Although these remarks 
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are generally acceptable, in order to develop a better understanding of 
cerebral aneurysms that will eventually lead to improved management 
strategies, an attempt should be made to recognize different groups (dis- 
eases) within the generic denomination of AA. The idea that the arterial 
blood stream “blows” and then “bursts” an “aneurysmal herniation of the 
wall” should be abandoned. Several issues will be stressed in this chapter 
to emphasize the heterogeneity of the various types of AAs. 

Even with our current knowledge and understanding, AAs continue to 
raise a number of questions and challenges. 



7.1.1. 1 Medical Challenge 

The treatment of aneurysms raises complex technical and therapeutic 
problems, including prevention of their recurrence and management of 
the complications caused by their rupture. Aneurysmal rupture still car- 
ries high morbidity and mortality rates. Published data illustrate this 
complex technical and therapeutic challenge. 

The incidence of SAH has not declined over time. 

Ten percent of patients with AA rupture die before reaching the hospi- 
tal, 13% in Pakarienen’s series in 1967, with an overall incidence of AA of 
10.3/100,000 per year. The incidence by age was 0.3 in the first decade of 
life, 0.4 in the second, 3.8 in the third, 9.4 in the fourth, 20.3 in the fifth, 25.3 
in the sixth, 16.2 in the seventh, and 13.1 in the eighth decade of life. 

The risk of rebleed from a nonsecured AA is 60% at 6 months (3%-4% 
during the first few days after the rupture, 2% risk per day during the 
first month) and 10% during the remainder of the first 6 months) and 
thereafter appears to stabilize at 3% per year. Subsequently, the mortality 
from bleed or rebleed is 50%. Eight percent of patients will die from the 
severity of the initial hemorrhagic event, 7% will die despite surgical in- 
tervention, and an additional 7% will be left with severe neurological 
deficit. This implies that overall, one-third of patients presenting with a 
ruptured AA will have a good outcome. The probability of developing a de 
novo AA after SAH is about l%-2% a year (Juvela et al. 1993b; Rinne and 
Hernesniemi 1993; Porter et al. 2001). 

The abruptness of onset and the severity of the symptomatology has 
led to passionate debates that unfortunately have not helped in the un- 
derstanding of the underlying disease (or diseases). Although most rup- 
tures are symptomatic, the question as to whether previous subclinical 
hemorrhages have already occurred should not be ignored. On careful 
questioning of the patient and their family, a history of previous headache 
or acute event can frequently be revealed. 

Careful grading (review by Mooij 2001, Tables 7. 1-7.7) of a hemorrhage 
on patient admission (according to Hunt and Hess 1968, Fisher et al. 1980, 
or the World Federation of Neurosurgical Societies scores) should not 
obscure the fact that we have limited information on how the actual hem- 
orrhage occurred. Indeed, we can assume that some degree of bleeding, 
perhaps even an early recurrence of hemorrhage, had gone undiscovered, 
and that some patients may have already bled several times before reach- 
ing the hospital. 
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Table 7.1. Hunt and Hess classification of subarachnoid hemorrhage 



Grades Description 



0 Unruptured aneurysm 

1 Asymptomatic, or mild h.a./nuchal rigidity 

la Only fixed neurological deficit 

2 Moderate/severe h.a./nuchal rigidity 

3 Mild focal deficit, lethargy/confusion 

4 Stupor/moderate or severe hemiparesis, early decerebrated hypertony 

5 Deep coma, decerebrated rigidity, moribund 



Some authors preferred a more personal touch. For example, Yasargil (1984) proposed 
a grading system based on the revised Botterell system that recognized the impor- 
tance of focal neurological deficit by adding “b” when present and “a” when absent. 



Table 7.2. The grading system used by Yasargil 



Yasargil grade Description 



Oa 


Unruptured aneurysm, no neurological deficit 


Ob 


Unruptured aneurysm, neurological deficit, as in cranial nerve 
III palsy, chiasma syndrome, or progressive hemisyndrome 
(in giant arterial aneurysms) 


la 


Asymptomatic following subarachnoid hemorrhage (SAH) 


lb 


SAH, alert and orientated, but with focal pronounced neuro- 
logical deficit such as hemiparesis, paraparesis, aphasia, visual 
field loss (no simple lesion of cranial nerve II, III, or IV) 


Ila 


Alert, but with headache and meningism 


lib 


Same, with focal neurological deficit 


Ilia 


Lethargic, confused, disoriented, combative 


Illb 


Same, with focal neurological deficit 


IV 


Semicomatose, response to pain, not to voice; may show extensor 
posturing; pupils reactive to light 


V 


Comatose, pupils not reactive to light, extensor posturing or no 
reaction to pain, failing vital signs 



The rationale behind this grading system is again the relationship with outcome: Oa, 
la, and Ila with the best results, followed by lb and lib, then by Ilia, Ob, Illb, IV, and V, 
respectively. 



Table 7.3. The World Federation of Neurosurgical Societies (WFNS) grading scale 
for subarachnoid hemorrhage 



WFNS grade 


GCS score 


Major focal deficit 


Comment 


0 


_ 


_ 


Intact aneurysm 


1 


15 


Absent 


Comp, with H8cH I and II 


2 


13-14 


Absent 


Comp, with H&H III(II) 


3 


13-14 


Present 


Comp, with H8cH III 


4 


7-12 


Present or absent 


= H8tH IV (III) 


5 


3-6 


Present or absent 


= H8cH V 



H&H, Hunt and Hess grading scale; GCS, Glasgow Coma Scale. 
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Table 7.4. GCS-based scales 



Tagaki GCS-based scale 

GCS 15 11-14 8-10 4-7 3 

GCS-based grade I II III IV V 

Johns Hopkins GCS-based grading scale in SAH 
GCS 15 12-14 9-11 6-8 3-5 

GSC-based scale I II III IV V 



GCS, Glasgow Coma Scale; SAH, subarachnoid hemor- 
rhage. 



Table 7.5. Fisher’s grading system of intracranial blood on CT in patients with sub- 
arachnoid hemorrhage (SAH) 



Fisher grade Blood on CT (<5 days after SAH) 



1 No subarachnoid blood detected 

2 Diffuse or vertical layers <1 mm thick 

3 Localized clot and/or vertical layer > 1 mm 

4 Intracerebral or intraventricular clot with diffuse or no SAH 



Table 7.6. The Glasgow Outcome Scale 



Grade Neurological status 



1 Good recovery; patient can lead a full and independent life with or 
without minimal neurological deficit 

2 Moderately disabled; patient has neurological or intellectual impairment 
but is independent 

3 Severely disabled patient, conscious but totally dependent on others 
to get through daily activities 

4 Vegetative survival 

5 Dead 



Table 7.7. Karnofsky score 



100 Normal. No complaints 

90 Normal activity. Minor signs 

80 Normal activity with effort 

70 Cares for self. Unable to carry on normal activity or do active work 
60 Requires occasional assistance 

50 Requires considerable assistance and frequent medical care 
40 Disabled. Requires special care and assistance 
30 Severely disabled. Hospitalization required 
20 Very sick. Hospitalization necessary 
10 Moribund 
00 Dead 
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It is also possible that multiple episodes of bleeding have occurred at such 
close intervals that they were not individually recognized, despite our 
modern imaging techniques. Cisternal filling with blood may result from 
repeated bleeding from the aneurysm over a short period of time, whether 
hours or days. In other cases, a single, sudden rupture will flood the cis- 
terns. Quantitative assessment of the amount of cisternal blood cannot 
answer these questions; therefore, basing the potential for vasospasm 
simply on the volume of extravasated blood is unsatisfactory. Other etio- 
logical factors may play a role, such as single versus repeated hemorrhage, 
the age of the vascular system, the degree of atherosclerosis, etc. 



7. 1. 1.2 Decision-Making Challenge in Patients with Unruptured Aneurysms 

The term “unruptured” does not always mean inactive, but denotes that 
the aneurysm has not been associated with a clinical hemorrhage. Here 
the challenge is not acute care management, but rather prevention of 
future rupture or growth of the aneurysm. Decision making can be im- 
proved by a better understanding and recognition of the various types of 
lesions referred to as aneurysms. The decision needs to focus on the ther- 
apeutic objective or objectives to be reached. Once active intervention has 
been chosen, then the choice of a specific therapeutic technique, whether 
medical, observational, surgical, or endovascular will need to be consid- 
ered (Wiebers 1998). Despite the dramatic implication associated with the 
diagnosis of aneurysms, the decision not to intervene should certainly be 
considered in the appropriate clinical circumstances. Such a decision may 
be made even though the very same aneurysm in a different setting may 
result in a decision to operate or to embolize, with no contradiction in 
the coherence of the decision. The choice of the treatment should first 
consider the patient’s needs, and second, the quality of the treatment 
available. The point is to adapt one’s decision to one’s means. 



7.1. 1.3 Ethical Challenge 

The ethical challenge involves informing the patient of his or her medical 
condition: what we as physicians know about it and what can be done 
about it. What are our team results and the complications of the proposed 
treatment? We must avoid quoting the reported literature that may not re- 
flect the individual physician’s experience. 

Finally, how does one recognize the subgroups of patients and 
aneurysms that should be treated? There are undoubtedly indicators of 
imminent rupture, but at present we do not know how to recognize them. 
There are probably signs of stability as well, but we do not trust them 
to be long-lasting. Preventing rupture also has a cost, in terms of public 
finances and patient impact, creating ethical and moral issues. The former 
is a choice of society, while the latter relates to the invasiveness of the 
treatment and personal choice. For these reasons, teams that are ready to 
treat unruptured aneurysms should document their reasons and their 
means to achieve their goals, all the while recognizing the different sub- 
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groups of patients (diseases) that they are treating. Teams should also 
document and monitor the quality of their results. Permanent self-assess- 
ment is not a new idea, but today it has become more relevant than ever in 
view of the publication of medical data considered as universally applica- 
ble and internationally available. 



7. 1. 1.4 Academic and Nosological Challenges 

Morphology and disease are two separate facets of the academic and 
nosological challenge. While aneurysms of different shapes often reflect 
different pathologies, similar shapes can also reflect different situations. A 
saccular aneurysm of the basilar trunk that has developed at the origin of 
the PI segment may be single, associated with multifocal aneurysms, or 
familial (Figs. 7.47, 7.64). Similarly, associations with Ehlers-Danlos syn- 
drome, Marfan syndrome, polycystic kidney disease, or an AVM of the 
occipital lobe may distinguish aneurysms in the same location beyond 
their appearance and clinical presentation (Fig. 7.48). Therefore, it can be 
proposed that aneurysms are merely a symptom of a more subtle dys- 
function of the blood vessel wall (Table 7.8). Abnormalities of intracellu- 
lar and regionally contained disorders maintain a delicate interaction 
between the vessel wall and its neighboring tissues via endoluminal (en- 
dothelial) and extravascular signals similar to most other types of vascu- 
lar malformations. 

Therefore, we should shift our focus from aneurysmal vasculopathy to 
mural vasculopathy (Tables 7.9, 7.10, p. 373) and as a result attempt to 
change the objectives of our treatment from mechanical to biological. 

Recognition of these two distinct entities has not resulted in conduct- 
ing well-constructed therapeutic research. Instead, it has resulted in in- 
vestigations that are increasingly diverse and involve different types of 
specialists. This concept does not reject the current mechanical manage- 
ment of ruptured aneurysms, since the focus has been not so much to an- 
alyze the underlying disease but rather to manage the complication rep- 
resented by the rupture itself and prevent further hemorrhage. However, 
treatment of the rupture should not be confused with the preventive treat- 
ment of the rupture or that of the underlying disorder, which are all en- 
tirely different issues. 



7.1.2 Physiopathogenesis and Risks 

The physiopathogenesis of aneurysms is complex, just as it is for other 
vascular disorders. This is because we have little knowledge about the life 
span or the regeneration frequency of arteries, in normal or in patholog- 
ical circumstances, at their branching or nonbranching portions. In vitro 
studies only provide a very crude model, as they isolate blood vessels from 
their perivascular environment, which in our opinion is a key element in 
the maintenance and renewal of the arterial wall. Are aneurysms simply a 
result of aging of the arterial wall or are they caused by the progression of 
a more specific disorder (Table 7.11, p 374)? Is the physiopathogenesis 





Type of aneurysm Small Large Giant Fusi- Cervical Intracav. C OPH A PComA Distal A AComA MCA Mirror Multifoc. Multi- VBA PICA B tip F/M 

form ICA ICA ICA term. metamer. 
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Table 7.9. Aneurysmal vasculopathies 1: lumen herniation and lumen repair 



Hemodynamic triggers 



Flow, velocity, turbulence, pressure, jet effect, 
valve effect 



Mechanical treatment Balloons, coils, remodeling, stents, liquids, bags 

Morphological assessment 3-D images, virtual arterioscopy, vessel lumen models 



Future 

Goal 

Specialists involved 


Telenavigation, telereconstruction 

Selectivity of the delivery system and accuracy of the 

reconstruction 

Surgeons, neuroradiologists, anatomists, pathologists, 
engineers 


Table 7.10. Aneurysmal vasculopathies 7-10: vessel wall herniation and vessel wall 
repair 


Disorders 


Infectious, immune, inflammatory, constitutional remodel- 
ing defect, familial or nonfamilial, embryonic or postnatal 
program defects, proliferative defects 


Therapeutic agents 


Antibiotics, growth factors, gene therapy, cellular engineer- 
ing, bioactive therapies 


Functional assessment 


Endothelial and wall physiology, phenotypic characteris- 
tics, mutations, molecular biology 


Goal 


Selective recognition of the diagnosis and focal effect 
of the therapeutic agent 


Specialists involved 


Geneticists, physiologists, pharmacologists, molecular 
biologists, immunologists 



morphological, biological, or clinical? Does the clinical examination pro- 
vide us with enough information? Is physiopathogenesis an ongoing 
process? Is it linear and/or reversible? Is it random or predictable? Can it 
be modeled? Is it created by events or on the contrary, by a lack of events? 
Can it sustain itself or can it induce a series of events independent of the 
disease itself? 

The history of the disease that we diagnose is always retrospective. As a 
result, there is a time gap: through physiopathogenesis, we collect and at- 
tempt to understand a fragment of the past even though we do not know 
its beginning. History is always incomplete, because we focus on events 
rather than on mechanisms. The danger of physiopathogenesis lies in 
its extrapolation toward the future in an attempt to anticipate possible 
events, while ignoring whether the underlying mechanisms are still pres- 
ent. A model of the future is the projection of a past time interval, but does 
not take into account that certain influences may have changed. Answers 
provided by such models are never completely true, nor will they be en- 
tirely wrong. A predictive physiopathological model tends to create a 
fuzzy atmosphere and the possibly fuzzy management thereof should call 
for caution. Minute differences at the time of diagnosis may carry with 
them major differences in subsequent development. Actually, future phys- 
iopathogenesis is isomeric; its course most likely changes after a sequence 
of outside events that shift the real history of the disease from one theo- 







374 7 Aneurysmal Vasculopathies 



Table 7.1 1. Vascular phenotypic vulnerability: variability over time 






\ 



Continuous 
variability 

/ \ 



Adaptation 
over time 



Aging process 
(erosion) 



t 

Maturation 

Adaptation 



Decreased 

compensation 



t 

Decreased 

possibilities 



Decompensation Progressive 
fragility 



I mutation 
or II mutation 

Remodeling and 
repair system 
(structural 
impairment) 

Extrinsic factors 
affect 

nonpermanently 
Exposed structures 
(blinking programs) 



i 



Window of exposure 
Limited in time if the cell 
cycle is long, 

May not be present 
at each cell cycle 
(vasculogenesis) 



Uncertain 

variability 



Triggers 

Biological agent 
Inflammation. 
Virus and other 
local or systemic 
infections with or 
without immune 
defficiency, tumoral 

Mechanical agent 
Endoluminal 
(shear stresses) 
abluminal 
(cisternal equil.), 
trauma 



Remodeling and 
repair system 
(dysfunction or 
inadaption) 

Extrinsic factors 
affect 

permanently 
exposed functions 



Congenital character 



-> Acquired character 



retical curve to another. One of the major stakes in the preventive treat- 
ment of aneurysms is probably to identify factors that stabilize or desta- 
bilize the disorder. 

Because of its variability, physiopathogenesis is difficult to determine. 
The concept of individual host response must be introduced prior to 
making a management decision in a given patient. Indeed, where does 
the physiopathogenesis of the aneurysm belong: to the patient or the dis- 
ease? The physiopathogenesis, as established from a heterogeneous pop- 
ulation, tends to average out information, decisions, and ultimately the 
outcome. 



7. 1.2.1 Classification 

Traditionally, aneurysms are classified according to their physiopathology. 
The diagnosis begins with the discovery of an already-formed aneurysm. 
Aneurysms, although discovered in similar clinical contexts, may result 
from entirely different diseases processes, i.e., bacterial or viral infections; 
traumatic or spontaneous dissections; familial or isolated aneurysms, 
flow-related in cerebral AVMs; multifocal, unilateral, or mirror aneurysms; 
multiple, supratentorial, or infratentorial aneurysms, etc. (Table 7.8). Crude 
as this list of dissimilar disorders may appear, aneurysms are often dis- 
cussed as if they were of a single type before deciding on a treatment plan. 
The differences in pathologies are often ignored while presenting results. 
However, the goal of the treatment cannot be identical for each type of 
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aneurysm. Physiopathologies may not be pooled and subsequently ap- 
plied to each case. 

Additional issues remain, such as the significance of mirror aneurysms. 
Why are aneurysms not diagnosed in children with polycystic kidney 
disease, but only later at adult age, yet some 10 years earlier than in the 
population without polycystic kidney disease? Other unanswered ques- 
tions relate to the difference in the location of aneurysms, arterial hy- 
pertension, flow-related aneurysms, and isolated saccular aneurysms. 
Aneurysms are never found in very-high-flow arteriovenous fistulae in 
children and unruptured AAs are not found in autopsy series in the pedi- 
atric population. Saccular aneurysms have not been demonstrated to be- 
come giant or fusiform aneurysms. Flow-related aneurysms do not rup- 
ture once the AVM has been treated, and subsequently they often regress. 
There are certain anatomical locations such as the branches of the splenic 
artery in portal hypertension where aneurysms tend to develop, even en- 
large, but seldom rupture. The regression of flow-related aneurysms and 
occasionally so-called berry AAs (Fig. 7.1 18) raises speculation on whether 
the body continuously develops aneurysms but is capable of repairing 
them before rupture occurs. Therefore, aneurysms could be considered 
the result of two simultaneous processes: their production and the failure 
of the vessel wall to repair them. 

The higher incidence of intracranial aneurysms in women in the adult 
population is reversed in the pediatric population, where the male-to-fe- 
male ratio varies from 3:1 in children up to 8 years of age to a nearly equal 
ratio of 1.2:1 in the 10- to 20-year-old age group (George 1989; Fleiskanen 
1981; Meyer et al. 1989; see Vol. 3). The change in sex ratio occurs in the 
fifth decade (male to female, 0.9:1) and reaches 1:3 in the seventh decade. 

All these questions reflect our lack of knowledge and the need for im- 
proved understanding. As was the case in genetics, our ability to classify 
each type of aneurysm in a given disease class requires the in-depth study 
of the morphological (Campos 1998a, b; Mazighi 2002), clinical, biologi- 
cal, and genetic context in which the aneurysm occurs. As a result, the 
aneurysm population will need to be more subdivided to facilitate a ho- 
mogeneous analysis and adjusted therapeutic prevention. 



7.1.3 Segmental Vulnerability 

Both the construction and the maintenance of blood vessels involve repet- 
itive steps and feedback to the vascular tree. Construction of a vascular 
structure is the result of complex biological factors and events starting in 
the embryo, which continue in the fetus, neonate, and small infant. The 
vascular tree is maintained, repaired, and modified according to metabolic 
demand, resulting over time in a renewal of the entire structure. This is 
genetically programmed and controlled. Vascular remodeling is an active 
and adaptive process of structural alteration. It includes changes in at 
least four cellular processes: cell growth, cell death, cell migration, and 
production or degradation of extracellular matrix. Shear stress activates a 
genetic program that alters the balance of the mediators of remodeling. It 
activates the transcription of genes for factors such as nitric oxide syn- 
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thase, platelet-derived growth factor (PDGF), and transforming growth 
factor j5\ (TGF/Jl) (Gibbons and Dzau 1994). However, alterations in the 
program or the cellular logistics to achieve it will result in a different re- 
construction (Table 7.11). 

Time naturally decreases the capacity of the vessel wall to adapt to vari- 
ations in the hemodynamic parameters, or to compensate for stressful 
events. This progressive aging process changes the options of the sys- 
tem and is an acquired vulnerability of the vessel wall, which will be dif- 
ferent at different ages of the vascular system, and will differ in males and 
females. 

The remodeling capability of the vasculature emphasizes the possibility 
of repair of the arterial system. The actual appearance and eventual 
formation of an AA, through the various cell cycles, indicates the failure 
of that repair system at a given period in time, or the persistence of the 
abnormal triggering factors responsible for the failure of the remodeling 
processes. 

Several situations that alter the luminal information given to the vessel 
wall will subsequently lead to the development of an AA. Thus the AA be- 
comes the expression of normal vasculature abnormally triggered and is 
the expression of a biological process. The disease is not at the vessel wall 
level but is caused by various triggering factors that impact the wall; cor- 
rection of these factors is likely to free the remodeling system to repair. 

Three types of AA belong to this group: flow-related AA, nondysplastic 
dissections, and infectious (nonimmune-related) AA. Each of them im- 
pairs the vasculature differently and uses different triggers to produce an 
AA; however, they can all repair spontaneously or after correction of the 
causative factors (Figs. 7.110, 7.116-118). The topography of the flow-re- 
lated AA is not the same as that of the isolated saccular intradural AA 
(Table 7.36). The distal location on the arterial tree of the middle cerebral 
artery (MCA) or posterior cerebral artery (PCA) in the infectious AA is 
highly suggestive of this diagnosis. Dissecting AAs are common proximal 
to the vertebrobasilar junction in elderly people and in the Asian popula- 
tion or at the intradural internal carotid level and the P1-P2 junction of 
the PCA in young Western patients. This geotropism expresses yet another 
structural propriety of the arterial system, which translates into a seg- 
mental vulnerability. 

Arterial segmental specificities suggest an invisible discontinuity in 
an apparently anatomical, histological, and hemodynamic continuous 
system. Many of these regional specificities have been commented on in 
Vol. 1, such as the extravascular spaces, the wall itself, and the flow condi- 
tions, among other factors (Table 7.12) (Fig. 7.1). 

In addition to these anatomical and physiological conditions, a less ob- 
vious characteristic identifies consecutive arterial segments: their phylo- 
genetic age. The cerebral arteries in humans appeared as the result of var- 
ious selections and maturation processes over approximately 100 million 
years. Phylogenetic steps indicate the different generations or ages that 
coexist in two consecutive arterial segments. The M2 branching tree ap- 
peared and developed since the appearance of birds, while the Ml seg- 
ment had already existed for a few million years in fish. A given triggering 
factor will recognize such a difference; in other words, the resistance, bio- 



Table7.12. Environment 



Epidural venous plexuses 
Hemodynamics 
Subarachnoid cisterns 
Vasa vasorum 
Pericytes 

Perivascular monocytes 
Glial relationships 
Innervation 
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Fig. 7.1 A, B. Schematic repre- 
sentation of the internal carotid 
artery (1CA) segments as they 
result from embryology. Note 
the proximal margin of the first 
segment is distal to the com- 
mon carotid bifurcation. A ICA 
embryological segments; B ICA 
segments (see Vol. 1) 





logical stability, and vulnerability of these consecutive segments are not 
the same. 

The developmental sequence of the various arterial segments explains 
why certain diseases have an impact on some areas while sparing others. 
The resulting lesion involving a segment can be either acquired or con- 
genital (Table 7.13): 

- A group of normal cells shares a specific characteristic (stabilized dur- 
ing the evolution of the species) that creates a permanent recognizable 
identity. That identity, be it a strength or a weakness, belongs to the 
normal development of that segment. Highly specific triggers similar 
to antibodies can recognize this identity and may focally impair that 
segment. 

- A defect occurs in a mother cell and is subsequently transmitted; that 
characteristic has a clonal distribution. It is present in topographically 
regrouped cells. The vulnerability is structural and represents a quies- 
cent weakness, permanently recognizable by a trigger. It can also be 
episodically exposed (window of exposure), depending on the system 
involved; the character is secondarily recognized and the lesion re- 
vealed by a nonspecific trigger. 



7.1. 3.1 Embryological Origin 

Such an approach to the aneurysmal vasculopathies modifies the way one 
looks at AAs and facilitates the acceptance of clinical differences among 
apparently identical lesions from a strictly morphological point of view. 
The association with anatomical arterial variations raises yet another 
type of hypothesis for A A development. The stability (degree of variation) 
of the patterns of arterial supply decreases from the spinal cord (and ex- 
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Table 7.13. Postulated origin of intracranial aneurysms 




Cerebral vasculature 
(arterial wall) 




Cellular substrate = Target (arterial wall) 

Window of exposure ( system in acitivity, . . . ) = Timing 



Mutation or primary trigger 

humoral, immune, infectious, 
shear stress (high blood pressure, trauma, 
increased diastolic flow) 



Dormant defect 



Genetic disease 
(polycystic kidney disease 
fibromuscular dysplasia 
Elhers Danlos, etc. ) 



t 

Dormant defect 




Reversible focal change 
(DNA repair systems, P53, etc.) 




or Irreversible dormant focal change 

(failure to repair) 



- Mutation or revealing trigger 
humoral, immune, infectious, 
shear stress (high blood pressure, 
trauma, increased distolic flow) 




Aneurysm 



Aneurysm 



Table 7.14. Angiogenic activity from postnatal to vasculogenesis 



Angiogenesis 

Angiogenesis (postnatal) (endothelial cells, muscle cells, and matrix) is involved 
in maintenance, repair, regeneration, adaptation to needs, and response to injury. 

It includes arterial and venous remodeling and neovascularization 

Angiogenesis (in utero) corresponds to longitudinal organization of existing 
vascular channels (the first vessel to be formed in such a way is the vertebral 
artery). It is associated with vascular growth (patterning), arterial wall production, 
and capillary lumen fusion (ectasia). It includes lumen production from capillary 
budding (neovascularization) 

The first remodeling of the earliest network adjusts to flow conditions and matura- 
tion from shear stress signals in the recently developed vascular cord networks 

Vasculogenesis 

The maturation process of the arteries at the base of the brain implies: fusion 
of ventral longitudinal neural arteries (anterior spinal, basilar, azygos artery) and 
regression of embryonic channels (ophthalmic, trigeminal, hypoglossal). Such 
fusion and regressions suggest cell selection (apoptosis). Failed fusion of the ventral 
longitudinal arteries will result in caudal basilar fusion, fenestrations, or incom- 
plete maturation of branchial arteries. Therefore, persistence of embryonic arteries 
suggests poor cell selection 

During the early stages of vasculogenesis, a capillary network from mesoderm-de- 
rived angioblasts (endothelium) and cranial neural crest (media) forms and follows 
a regional cerebrofacial organization, similar to a cephalic metameric organization 
(vegf 206) (Couly et al. 1995; Etchevers 2001; Campos et al. 1998b) 
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ternal carotid artery) to the rostral end of the central nervous system; the 
latter were transformed dramatically during the last stages of evolution 
and did not fully stabilize optimal dispositions, therefore retaining some 
old functions (so-called embryonic persistence). The maturity of the 
system is expressed by the accomplishment of various construction and 
regression programs (of the previously used patterns deleted in the most 
common anatomical arrangements), as established by dissections in nor- 
mal specimens. Vascular construction and maintenance involve three 
mechanisms: vasculogenesis, angiogenesis, and remodeling. Remodeling 
has been addressed above and most of its phases are explained in Vol. 1. It 
is the response of the vessel wall to external triggers, aimed at preserving 
the integrity of the vascular structure. Remodeling occurs as the vascular 
system starts to function and remains as its repair and maintenance 
(Table 7.14). 



Table 7.15. Clonal mutation/clonal phenotype 




Specificity of the timing (window) and a specific trigger: a mutation involves a clone of cells. 

Specificity of the character and recognition by the trigger: a genotype or phenotype shared by a group of cells at a cer- 
tain moment creates an identity, thus a recognizable group. 
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While the developmental program is being executed, various events 
will generate different types of associations with certain aneurysms de- 
pending on the timing of the impact of the trigger (Table 7.15, p. 379). The 
associated arterial anatomical variation then becomes a time marker. 

- Germinal mutations or familial diseases randomly affect the arterial 
system and involve various cephalic metamers. 

- Early somatic mutations cause a metameric distribution of lesions, the 
so-called mirror locations of aneurysm that become twin AAs. 

- Late somatic mutations will be associated with abnormal fusion or per- 
sisting branchial embryonic arteries. 

- Growth factor disorders with or without dissection, resulting in vessel 
wall proliferative processes leading to fusiform or giant aneurysms. 

- Abnormal vascular remodeling due to flow or pressure disorders, oc- 
curring later, will alter long-term programs and potentially cause 
aneurysms that may rupture. 

- Vessel wall aggression by unpredictable extrinsic factors such as infec- 
tious agents are another cause of aneurysm development. 

Each one of these disorders (each contributing to a time-marking process) 
may lead to clinical, morphological, and topographic phenotypes that 
currently make up the core of modern classifications. For each of them 
(Table 7.15), we should be able to trace the physiopathology, with its im- 
plications for the natural history of the disease, and compare the proposed 
treatment with the calculated prospective risk. 



7.1. 3.2 Age of Aneurysms 

Although the acquired aspect of aneurysms has often been emphasized 
(Schievink 1997), one cannot help but realize that they do not develop 
haphazardly with time. Determining the real age of the AA is therefore an 
immediate challenge (Table 7.16). We must accept that aneurysms are the 
visible part of an iceberg, and that they combine and reflect the following 
in reverse order: 

- A symptomatic clinical stage (due to compression, vascular accident, 
SAH, etc.). This clinical stage results from the collective effects of de- 
compensating factors affecting the previous stage. Rupture of an 
aneurysm results from the vascular wall failure to produce the neces- 
sary quality or quantity of wall components quickly enough. Rupture is 
a biological event. 

- An asymptomatic clinical stage. This is a morphological phase during 
which aneurysms slowly develop without disturbing the organism’s 
stability, until triggering factors make them symptomatic. This is also 
the stage during which prevention of bleeding from unruptured 
aneurysms is currently being discussed. The identification of trigger- 
ing factors appears to be a key element to prevent an asymptomatic 
aneurysm from progressing to the symptomatic phase. The clinically 
asymptomatic morphological stage (of unknown duration) results from 
the incapacity of the body to repair the previous biological stage. 
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Table 7.16. Age of vascular lesions 



Later on, postnatally, during either a new 
window of exposure with a single trigger, 
or following repeated triggering impacts 
(revealing triggers), a secondary mutation 
or an additional dysfunction allows 
for the phenotypic expression of the disease. 

Morphological stage, 
preclinical stage 



An apropriate trigger for the target and 
the moment (causative trigger), 
produces a primary mutation (somatic, 
germinal) or permanent dysfunction. 
The defect will be transmitted to later- 
generation cells 

Genetic stage 



Secondary angiopathic changes (extrinsic risk factors), 
hemodynamic desequilibrium, (shear stresses) 
Failure to maintain a biological compensation status 
(morphological fragile) 

Clinical, symptomatic stage 



Although abnormal, the defect neither induces 
apoptosis for that cell, nor is ist repaired. 

The primary local defect can then have clonal impact 
and/or remote effects. 

At that phase the disease is not declared but can be 
described as a permanent structural weakness) 



Biological stage, 
premorphological stage 



Prepathological stage 

No disease exists; a window of exposure makes the cell vulnerable 



- A biological stage. This is the stage during which the disorder becomes 
ingrained in the cell and is subsequently detectable by triggering fac- 
tors, (whereas it was dormant before) if biological repair fails to occur. 
The biological stage varies in duration. It seems to be very long in cas- 
es of germinal mutations. Over this long time period, an inversion of 
the male-female ratio becomes apparent, thought to be due to hemo- 
dynamic triggering factors (hypertension, high flow), general stress, 
smoking, estrogens, etc. Some have suggested that a secondary muta- 
tion occurs, to explain that a genetic disorder may lead to a local dis- 
ease, even though arteries and veins are all carriers of the same defect. 
The mutation may involve the loss of the normal allele or a mutation 
impeding the compensation of the initial abnormality (Tables 7.13, 
7.15). 

- A prepathological stage. This applies to somatic mutations. The time at 
which they occur determines the risk of contracting a multifocal disor- 
der. The developing endothelium and pericytes (Le et al. 1998; Carmeli- 
et 2000) are exposed to various agents, depending on their degree of 
vulnerability at a given phase of the development. 

Formulating hypotheses and raising questions are stepping stones toward 
knowledge. The fourth dimension, time, has been introduced over the 
past few years to explain physiopathological mechanisms, with the ex- 
tremes being apoptosis and cellular immortality. Situated in between is 
biological aging. Congenital or acquired arterial wall weakness, triggered 
by intrinsic or extrinsic agents, may lead to proliferation or apoptosis of 
the arterial layers. Saccular, berry, single, multiple, mirror, infectious, im- 
mune, inflammatory, dissection, giant, fusiform, and flow- related AAs can 
all be discussed using this simple framework. 
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The rest of the chapter will be devoted to specific aspects of AA ac- 
cording to what is known, confirmed over time, and part of our clinical 
experience. The so-called berry AA will be discussed for what it is: a 
shape, a target, a challenge but not a disease entity. Many diseases can give 
a berry AA. The simplistic nature of our tools should not mask the com- 
plexity of the diseases for which we use them. Extradural AA, familial and 
multiple AA, dissections and giant AA, infectious and immune AA, and 
flow-related AA will then be discussed prior to making general recom- 
mendations for therapeutic strategies. 



7.2 Extradural Aneurysms 

7.2.1 Introduction 

Aneurysms of the extradural carotid and vertebral arteries are signifi- 
cantly less common than intracranial aneurysms, and their real incidence 
is not known, (Margolis et al. 1972). They are usually described in relation 
to the vessel involved, or their etiological origin when it is known. They 
most frequently involve the internal carotid artery, then the vertebral 
artery, and rarely the external carotid artery and its branches. 

The most likely etiological cause varies depending on the location of 
the aneurysm, the age of the patient, and the type of population analyzed. 
In general, lesions may be secondary to arteriosclerosis, structural famil- 
ial or nonfamilial vessel wall diseases, trauma, infection, radiation, or 
special flow conditions. In some cases no preexisting or associated abnor- 
mality can be found. 



7.2.2 Extradural Internal Carotid Artery Aneurysms 

Extradural aneurysms most frequently involve the internal carotid ar- 
tery and the most commonly affected area is the cavernous segment 
(Table 7.17). Symptomatic cavernous aneurysms are often larger than 
2.5 cm and therefore are classically referred to as giant aneurysms. In 
the literature, they are usually discussed together with the intradural 
aneurysms. When larger than 25 mm, they account for 5% of the giant AAs 
reported by Drake (1979) and 39% of those reported by Morley (1969). 
However, their true incidence in relation to other extradural carotid 
aneurysms is unknown. 



Table 7.17. Extradural internal carotid aneurysms, etiology and location 



Location 






Congenital 

developmental 


Traumatic 


Mycotic Atherosclerotic 


Cervical 


6 


(91.5%) 


2 (33%) 


3 (50%) 


1 (16%) 


Petrous 


5 


(8.7%) 


- 


5 


- 


Cavernous 


46 


(80.0%) 


40 (87%) 


6(13%) 


- 


Total 


57 (100.0%) 


42 (73.6%) 


14 (24.5%) 


1 (1.7%) 
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Fig. 7.2 (left). Common carotid 
artery angiogram in a patient 
with a large pulsatile neck mass 
following placement of a cen- 
tral venous line. Note a small 
dissection at the mouth of the 
large pseudoaneurysm (double 
arrow). The false aneurysm was 
surgically resected 



Fig. 7.3 (right). A 73-year-old 
male patient with epiglottic 
cancer who was operated on in 
1993 and received chemothera- 
py and radiation therapy for 
recurrent tumor in 1995. Post- 
radiation ruptured common 
carotid artery false arterial 
aneurysm. Note also the post- 
radiation dysplastic changes 
involving the cervical internal 
carotid artery 




In a previous experiment of 53 internal carotid artery aneurysms 
(Table 7.17), 83% were in the cavernous segment, 7.5% were in the petrous 
segment, and 9.5% were located in the cervical internal carotid artery. In 
this selected population, some cervical and bifurcation aneurysms might 
not have come to the attention of the interventional neuroradiologist, as 
these are usually treated surgically. 

In our experience, aneurysms of the common carotid artery were most 
frequently traumatic. In the past, infectious aneurysms were seen more 
often, but these are now relatively rare (Houser and Baker 1968). False 
aneurysms (Figs. 7.2, 7.3) have often been reported following attempted 
placement of a central line. 

The most frequent type of aneurysm involving the cervical internal 
carotid artery is referred to in the literature as congenital or developmen- 
tal (Fig. 7.4), followed by traumatic, arteriosclerosis, and mycotic pseudo- 
aneurysms. 

At the level of the petrous segment of the internal carotid artery, they 
are most often traumatic in origin (either secondary to blunt trauma or 
iatrogenic following biopsies of the aberrant position of the internal 
carotid artery), and they are rarely dysplastic in origin. 

At the level of the cavernous carotid artery, 86% of aneurysms have 
been called congenital in origin, emphasizing that their size and shape 
cannot be subjectively correlated to any form of flow condition. It is diffi- 
cult to exclude the possibility that some of these lesions are of arte- 
riosclerotic origin, in particular large AAs that are partially thrombosed. 

Specific attention should be paid to the vascular anastomoses along 
the base of the brain and the possible effect of increased flow in the con- 
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Fig. 7.4A, B. Left common carotid artery angiogram. A Early and B late phase, from 
a 32-year-old female patient with a cervical pulsatile mass. Note the turbulent flow 
(open curved arrows) and the entry point ( double arrow) into the arterial aneurysm. 
The distal internal carotid artery is well opacified ( curved arrow) 



tralateral ICA if sacrifice of the ipsilateral ICA harboring the AA was con- 
templated. The study of the posterior circulation is equally important in 
these circumstances. 



7.2.2. 1 Cervical Internal Carotid Aneurysms 

The most frequent and clinically serious presentation of carotid aneurysms 
is related to distal embolism, which in our experience occurred in over 
60% of cases. Other symptoms vary according to the location of the 
aneurysms: a pulsatile mass in the oropharynx or neck, murmur, and 
Horner’s syndrome. The aneurysms can be asymptomatic ( Wychulis et al. 
1964) or may have a long silent period. Often the symptoms are vague or 
nonspecific (e.g., headaches, tinnitus, or vertigo) (Boatmann and Brad- 
ford 1958; Winslow 1926), and are therefore neglected. The patient may 
then present when the aneurysm has ruptured with interstitial or external 
hemorrhage. Unruptured aneurysms have been misdiagnosed as pharyn- 
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geal masses and profuse hemorrhage has been encountered at the time of 
incision or biopsy. Spontaneous severe epistaxis and bleeding from the 
ear have also been reported (Harrison 1954; Young 1941), although these 
events are significantly more common in higher petrous aneurysms (Bar- 
rett and Lawrence 1960; Ehni and Barrett 1960) (Fig 7.22). Acute local 
mass effect can produce airway obstruction (Fig. 7.15). Local neural com- 
pression usually involves the lower cranial nerves, producing a retropha- 
ryngeal syndrome. 

Developmental Aneurysms 

The diagnosis of a congenital or developmental aneurysm is often made 
by exclusion when there is no previous history of trauma, infection, or 
sign of arteriosclerosis (Alexander et al. 1966; Melot et al. 1966). Margolis 
(1972), in his review of 20 aneurysms involving the cervical portion of the 
internal carotid artery, found that developmental aneurysms were the 
most frequent (35%), similar to our experience (33%). The coexistence of 
other aneurysms (primarily intracranial aneurysms) is suggestive of con- 
genital aneurysms (Duplay et al. 1957; Houser and Baker 1968; Kramer 
1969; Manelfe et al. 1974), polyarteritis nodosa (Rob 1954), or pseudoxan- 
thoma elasticum (Dixon 1954). The congenital nature of the cervical 
aneurysms can be discussed because of their segmental distribution (see 
Vol. 1) (Fig. 7.1) or be made at the time of the screening examination of a 



Fig. 7.5. A Early and B late 
phase of a common carotid an- 
giogram. Fusiform dysplastic 
segmental arterial aneurysm 
of the internal carotid artery 
(ICA) in a child. The first cervi- 
cal ICA segment is involved 
and the glomus as usual is pre- 
served (see Fig. 7.1 and Vol. 1). 
(Courtesy of S. Pongpech) 
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Fig. 7.7. A False aneurysm of the cervical internal carotid artery (ICA) following a 
gunshot wound. Oblique subtraction angiogram of the right common carotid artery. 
Filling of a pseudoaneurysm (arrow) followed by laminar flow into a second pouch 
( open curved arrow). Although the level of the arterial tear is well documented by an- 
giography, the true size of the lesion cannot be fully assessed by the angiographic pic- 
ture. B Same patient: axial CT image after IV administration of contrast material 
shows the true size of the false aneurysm more clearly. Note the enhancement of the 
patent lumen, which is surrounded by an area of low attenuation, representing the 
thrombosed portion of the false aneurysm. Metallic artifacts from fragments of the 
bullet can be seen in its trajectory 



Fig. 7.6. A 44-year-old female 
patient with subarachnoid 
hemorrhage (A) from an in- 
tradural dissecting arterial 
aneurysm distal to an extradur- 
al origin of the posterior inferi- 
or cerebellar artery (PICA) (B). 
Associated bilateral asympto- 
matic dissecting type of cervi- 
cal and petrous internal carotid 
artery aneurysm (C, D). History 
of neonatal visceral perfora- 
tion. High suspicion of Ehlers- 
Danlos type IV (ED IV) dis- 
ease, despite no definite clinical 
evidence (two normal pregnan- 
cies). E, F Treatment included 
occlusion of the vertebral ar- 
tery between the PICA origin 
and the dissection 



dysplastic disease (Figs. 7.5, 7.6). These AAs can be associated with a 
carotid cavernous fistula that occurred after minimal trauma and be 
highly suggestive of Ehlers-Danlos IV disease. They can also be found at 
the time of investigation of a neck mass (Fig. 7.4). 

Traumatic pseudoaneurysms are second in overall frequency but com- 
prise the most frequent type of aneurysm involving the cervical ICA 
(50%) (Table 7.17) (Beall et al. 1962). 

Penetrating Trauma 

Traumatic aneurysms may result from penetrating injuries such as a stab- 
bing accident, a high-velocity gunshot wound (Fig. 7.7), or from iatrogenic 
trauma (Teal et al. 1972) (Fig. 7.8). These injuries most often result in a 
false sac or pseudoaneurysm, which is produced by disruption of the ar- 
terial wall. An extravascular hematoma communicates with the arterial 
lumen. The fibrotic reaction produced in the surrounding tissues forms 
the wall of the false aneurysm (Figs. 7.7, 7.9). 

Rich et al. (1970), while analyzing acute arterial injuries in 1,000 pa- 
tients during the Vietnam war, found that 88% of carotid injuries resulted 
from shrapnel. However, carotid injuries were relatively infrequent: only 
5% of all arterial injuries involved the carotid arteries. In Perry’s (1961) 
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Fig. 7.8A-C. A 73-year-old 
female patient. Diagnosis of 
parapharyngeal abscess was 
mistakenly made on contrast 
CT (A). Direct puncture was 
performed and produced a 
severe hemorrhage requiring 
sedation and artificial ventila- 
tion. B, C A ruptured cervical 
internal carotid artery giant 
aneurysm 



review of penetrating arterial injuries in the civilian population, only 
7.5% occurred in the carotid arteries. Of these, 4.7% involved the common 
carotid artery, 1.6% the internal carotid artery, and 1.2% the external 
carotid artery. In 1962, Beall et al. reported an equal number (17%) of 
carotid injuries from stab wounds as compared to gunshot wounds. 

In the pediatric population, an additional type of carotid injury may 
occur as a result of intraoral trauma. After a fall onto an object that enters 
the mouth or a fall with an object already in the mouth, an injury is pro- 
duced in the tonsillar region. Bickerstaff (1964) reported that these so- 
called pencil injuries have a mortality rate of about 30%. 

False carotid aneurysms may also occur following carotid endarterec- 
tomy, infections associated with carotid surgery, or following disintegra- 
tion of silk sutures (Ehrenfeld and Hays 1972) and may progress to vessel 
thrombosis (Maddison 1970). Lord (1958) reported carotid injury after 
tracheostomy and following radical surgery, while Barrett and Lawrence 
(1960) reported it as a complication of mastoidectomy. Pseudoaneurysm 
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Fig. 7.9 A, B. Bilateral false aneurysms following blunt (M VA) trauma. A Axial CT scan 
demonstrates bilateral large thrombosed portions of false internal carotid artery 
(ICA) aneurysms with encroachment on the airway. B Late phase of a lateral sub- 
traction angiogram of the left common carotid artery shows the recanalized lumen 
of the aneurysm. Subtracted balloons ( arrows ) in the contralateral right cavernous, 
petrous, and cervical ICA are seen, following trapping of the right-sided false 
aneurysm. Prior to bilateral carotid trapping, bilateral EC-IC bypass was performed 
(not shown) 



formation of the carotid arteries after direct internal carotid artery punc- 
ture for cerebral angiography has also been reported (Miller et al. 1977) 
and has occurred after radiation therapy (Fig. 7.3). 

Blunt Trauma 

Other mechanisms of vessel injury, for example, following blunt trauma 
(Beall et al. 1962), may affect the vessel wall in a manner similar to pene- 
trating injuries. This may occur following the application of force to the 
angle of the mandible, which is then transmitted to the carotid wall. If the 
mandible is fractured, a bony fragment may lacerate the internal carotid 
artery (or the ascending pharyngeal artery), producing a pseudoaneurysm 
(Beall et al. 1962). Ingested foreign bodies also have been reported to 
cause pseudoaneurysms of the internal carotid artery (Morris 1969). 

Blunt injuries of the cervical internal carotid artery are relatively 
uncommon (Davis and Zimmerman 1983; Beatty 1977; Nelson and 
Nahru 1963) (Fig. 7.9). The most frequent lesion resulting from blunt 
trauma is spasm or thrombosis (Fig. 7.10). These are followed in fre- 
quency by pseudoaneurysms, dissections, extraluminal and/or intra- 
mural hematomas (Figs. 7. 1 1-7. 13, pp. 390 - 392), which may then become 
dissecting aneurysms. Rarely will blunt trauma give rise to a complete 
vascular transsection or arteriovenous fistula (AVF) formation (Jiminez 
and Goree 1969). One form of blunt trauma involves combined rotatory 
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Fig. 7. 10 A, B. Right and left 
common carotid angiograms in 
a 29-year-old male patient. In- 
vestigation for headaches fol- 
lowing motor vehicle accident 
revealed on noninvasive imag- 
ing and confirmed at angiogra- 
phy evidence of multiple and 
bilateral internal carotid artery 
fusiform dissecting aneurysm. 
Pretherapeutic evaluation 
before stenting repair (see 
Fig. 14.92) 




Fig. 7.11. Posttraumatic dissec- 
tion of the cervical internal 
carotid artery ( small arrows) 
with a smooth extraluminal, 
subintimal compression 
( curved arrow) due to mural 
hematoma 
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Fig.7.12A-D. Classic types of 
vessel wall disruption during 
subadventitial dissection. 
(From Endo et al. 1993, with 
permission) 




True lumen 




D 



hyperextension of the neck, which stretches and compresses the internal 
carotid artery over the lateral mass of the atlas and axis, resulting in dam- 
age to the arterial wall. This type of injury occurs more frequently in 
young patients, as in the elderly loops in the carotid arteries tend to 
straighten before they become stretched during sudden hyperextension 
and rotation movements. The internal carotid artery is usually damaged 
at the level of the atlas (Boldrey et al.1957; New and Momose 1969). A sim- 
ilar injury may occur at the side of fixation of the internal carotid artery 
at its entry point into the petrous bone, at the level of the carotid canal 
(Davis and Zimmerman 1983). 

The most frequent lesion resulting from cervical blunt trauma is an in- 
timal tear with subsequent intimal dissection and thrombosis (Fig. 7.14, 
p. 393). Clot propagation is at least partially responsible for the high inci- 
dence of neurological complications in this type of circumstance. Soft tis- 
sue swelling may displace and compress the carotid arteries, further ag- 
gravating the already compromised lumen. In other situations, the trauma 
involves the adventitial layer, subsequently leading to dissection and pro- 
gression toward vessel disruption or lumen reduction (Fig. 7.12). In trau- 
ma situations involving the carotid arteries, attention should be paid to 
the veins that are often involved and usually ignored. Emergency removal 
of the cervical clot may be required. ICA repair is therefore sometimes 
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Fig. 7.13. A Volume rendering 
and B, C endoluminal views of 
cervical internal carotid artery 
subintimal trauma during 
angiography resulting in mural 
hematoma and endoluminal 
clot formation, successfully 
treated with anticoagulation 
therapy 



discussed at that time as well as angiography for stenting if the patient’s 
clinical condition permits this strategy (Fig. 7.15, p. 394). 

In 1967, Yamada et al. reported the clinical significance of posttraumat- 
ic arterial thrombosis, which was associated with high mortality and neu- 
rological morbidity. The initial symptoms characteristically appear hours 
or even days after the initial trauma. In addition to the neurological symp- 
toms of carotid occlusion and/or progressive thrombosis, the presence of 
Horner’s syndrome secondary to disruption of the sympathetic fibers in 
the carotid wall (Yamada et al. 1967) may be an important clinical sign of 
carotid injury. This may be an important clue, especially when external 
signs of trauma are absent, as is not infrequently the case following blunt 
trauma (Davis and Zimmerman 1983). 

Frequently, a false aneurysm of the cervical internal carotid artery pro- 
truding into the posterior pharyngeal wall is misdiagnosed as a periton- 
sillar abscess (Fig. 7.8). 
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Fig. 7.14. A Volume rendering and B-D endoluminal views of cervical penetrating 
trauma resulting in subadventitial internal carotid artery injury. The dissection pro- 
duced an arterial aneurysm, a double lumen, and endoluminal clot formation, which 
was managed with anticoagulation therapy 
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Fig.7.15A,B. A 25-year-old 
female patient with a cervical 
gun shot wound. Large cervical 
hematoma was increasing 
rapidly in size and necessitated 
intubation. False arterial 
aneurysm on the common 
carotid artery was demonstrat- 
ed (A). Immediate surgical 
treatment with evacuation of 
the hematoma and reconstitu- 
tion of the internal carotid was 
preformed (B) 



7. 2.2.2 Acute Spontaneous Dissection of the Carotid Artery 

Spontaneous dissection (SD) may occur when an intimal tear permits the 
extension of blood into the vessel wall with or without the formation of 
a pseudoaneurysm. In both traumatic (Fig. 7.16) and spontaneous 
(Fig. 7.17) types, the dissection usually extends cranially and frequently 
terminates where the internal carotid artery enters the petrous carotid 
canal. The internal carotid lumen is often narrowed, with intimal irregu- 
larities. If the blood dissects into the subadventitial rather than a subinti- 
mal space, then a pseudoaneurysm may be formed (Davis and Zimmer- 
man 1983) (Figs. 7.17, 7.18). In contrast to aortic dissecting aneurysms 
extending toward the carotid arteries, opacification of both the false and 
true lumen occurs very rarely (Fig. 7.11). 

The incidence of spontaneous carotid artery dissection ranges from 2.5 
to 3/100,000 per year (Schievink 2001). In comparison, the annual inci- 
dence of spontaneous vertebral artery dissection is estimated to be be- 
tween 1 and 1.5/100,000 per year. SD is the cause of 2% of all ischemic 
strokes, although they are the cause in 10%-25% of the young and mid- 
dle-aged patients. Ehlers-Danlos syndrome type IV, Marfan syndrome, 
polycystic kidney disease, and osteogenesis imperfecta type I can all pres- 
ent with SD. 






Acute Spontaneous Dissection of the Carotid Artery 395 




Fig. 7.16A-D. Schematic illustration of the various lesions that can be seen either 
following an arterial dissection or in the course of a specific one. A Mural hemato- 
ma, B dissecting arterial aneurysm, C double lumen with or without clot formation, 
D repair and fusiform scar 



Fig. 7.17. A Volume rendering 
and B, C endoluminal views of 
traumatic cervical internal 
carotid artery dissection: fusi- 
form arterial aneurysm, in- 
traluminal flap, double lumen 








396 7 Aneurysmal Vasculopathies 




Fig. 7. 18 A, B. Bilateral sponta- 
neous dissection of both cer- 
vical internal carotid arteries, 
revealed by persistent moder- 
ate headaches; no history of 
trauma 



Certain hereditary connective tissue disorders have been identified in 
l%-5% of patients with SD of the carotid or vertebral artery, but we sus- 
pect up to 20% of patients may have a sporadic but as yet unnamed un- 
derlying connective tissue disorder. In our experience, 5% of patients with 
a SD of the carotid or vertebral artery have at least one family member 
who has had an SD of the aorta or its main branches, including the carotid 
and vertebral arteries. Angiographic changes of fibromuscular dysplasia 
are found in about 15% of patients with an SD of the carotid or vertebral 
artery. Extensive studies, however, have failed to identify any mutations in 
the gene for type III procollagen ( COL3A1 ), the gene for type V procolla- 
gen ( COL5A1 ), or the gene for tropoelastin ( ELN ). Staining for antibody 
against fibrillin- 1 has been negative in these patients. Connective tissue 
disorders have been identified in one-fourth of patients with such dissec- 
tions. The finding of seasonal variations supports the possibility of an in- 
fectious trigger in the incidence of SD of the carotid and vertebral arter- 
ies, with a peak incidence in the fall. 

Pain on one side of the head, Horner’s syndrome, as well as cerebral or 
retinal ischemia may be presenting symptoms. Unilateral facial or orbital 
pain is present in about half the patients and may be the only symptom in 
about 10% of cases. Cranial nerve palsies can be detected in about 12%. 
Cerebral or retinal ischemic symptoms are reported in 50%-95% of patients 
with a SD of the carotid artery. Bilateral dissection of the carotid or vertebral 
arteries occurs in up to 15% of cases and therefore investigation should al- 
ways include the entire vasculature of the head and neck region (Fig. 7.18). 

SD affecting the carotid system is usually located 2-3 cm distal to the 
carotid bulb and tends not to extend beyond its entry into the petrous 
portion, where the lumen is abruptly restored, therefore involving only 
the first ICA segment (Fig. 7.1). 

Most stenoses associated with SD, 90% will eventually resolve with con- 
servative medical therapy. About two-thirds of the occlusions following 
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Fig. 7.19. A, B Surface rendering and C endoluminal view of spontaneous cervical ar- 
terial aneurysm (AA) dissection with AA and repair over 6 months with antiplatelet 
therapy 




Fig. 7.20. A Surface rendering and B-D sectional views of volume rendering, E en- 
doluminal view of healing of an asymptomatic iatrogenic internal carotid artery dis- 
section (same patient as Fig. 7.17). Spontaneous closure of the double lumen and 
progressive exclusion of the AA pocket (antiplatelet treatment) 
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SD will reopen with anticoagulation therapy, while one-third of the asso- 
ciated aneurysms will decrease in size (Figs. 7.19, 7.20). Persistent extra- 
cranial aneurysms may cause thromboembolic complications years after 
the SD, but they tend not to rupture. SD in another artery, which was 
initially not shown to be affected, may occur in about 2% during the 
first month but then decreases to a rate of only about 1% per year. Only 
extremely rarely does SD recur in the same artery. 

The recommended medical management for extracranial SD is heparin 
followed by warfarin 2-3 times the baseline INR for 3-6 months. Some pa- 
tients are treated with antiplatelet therapy alone, particularly those who 
have no symptoms of ischemia (Figs. 7.19, 7.20). A distinction between 
embolic and hemodynamic stroke should be made; in the former situa- 
tion, anticoagulation is preferred by most teams, whereas antiplatelet cov- 
erage is chosen for the latter or for asymptomatic patients. Surgical or en- 
dovascular treatment should be reserved for patients who have persistent 
symptoms of ischemia despite adequate anticoagulation therapy (Fig. 7.10; 
see Chap. 10, this volume). 

Atherosclerotic aneurysms of the extradural internal carotid arteries 
are usually seen in older patients (Margolis et al. 1972) and typically oc- 
cur just distal to the common carotid bifurcation in areas of severe ather- 
osclerotic involvement. The mechanism of formation of these aneurysms 
has been the subject of much debate. Although lipid metabolism may have 
some impact, local factors play an important initial and perhaps predom- 
inant subsequent role. Deposition of fibrin and other blood substances in 
the intima, accumulation of ground substances, disruption of elastic lam- 
ina, and perhaps disturbance of the vasa vasorum circulation (Gore and 
Dalen 1966; Rob 1954; Wood and Correll 1969) with focal repeated dis- 
sections will eventually lead to a large partially thrombosed AA (see 
Sect. 7.5.2). 

Mycotic Aneurysms 

Infections of pyogenic or syphilitic origin are a less common cause of cer- 
vical carotid aneurysms than in the past. The mechanisms include septic 
microemboli to the vasa vasorum, septic emboli within the vessel lumen 
with thrombosis, and perivascular infections (Lansky and Makwell 1975; 
Sunwanwela 1972). 

In the cervical region, the internal carotid artery courses cranially 
within its sheath. An aneurysm may result from the focal extension into 
the arterial wall of contiguous pharyngeal infections (Finney and David 
1964). 

At present, postoperative infections are the most frequent cause of cer- 
vical carotid aneurysms. Less commonly, aneurysms may occur after ra- 
diation therapy or be the result of vascular erosion secondary to advanced 
malignancies (Fig. 7.3). 
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7.2.23 Petrous Internal Carotid Artery Aneurysms 

Because of the protection provided by the bony structures, the lack of sig- 
nificant branches and the rarity of atheromatous changes involving the 
petrous segment of the internal carotid artery, the most common type of 
aneurysms in this location proved to be the false aneurysm subsequent to 
injury. Less common causes include penetrating injuries, including biopsy 
of an intratympanic internal carotid artery (Fig. 7.21) and infection (Davis 
and Zimmerman 1983). Some are associated with the embryonic remnant 
of the hyoid-stapedial system (see Vol. 1) (Fig. 7.22). Aberrant ICA flow in 
the tympanic cavity can be associated with true dysplastic AA, for example 
in PHACE (Posterior fossa malformation, Hemangiomas, Arterial anom- 
alies, Coarctation of the aorta, Eye malformations) syndrome (Fig. 7.23). 

The clinical symptoms caused by these aneurysms are primarily related 
to distal cerebral embolization and local hemorrhage, usually manifested 
as profuse bleeding from the ear (Ehni and Barrett 1960; Harrison 1954; 
Young 1941; Wemple and Smith 1966). They also often directly affect the 
cranial nerves (Harrison 1954; Harrison et al. 1963) and may produce re- 
current facial pain, fifth and sixth cranial nerves paresis, deafness, or less 
frequently facial nerve paralysis (Wemple 1966) (Fig. 7.24). The manage- 
ment of these patients is difficult, because of poor surgical access to the 
internal carotid artery at the level of the carotid canal. However, in the 
presence of associated dissection, intraluminal thrombi, or a very broad 
neck, the internal carotid often needs to be sacrificed. 
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Fig. 7.21 A, B. Iatrogenic (penetrating) pseudoaneurysm following biopsy of middle 
ear mass. A Subtraction angiogram, the left internal carotid artery (ICA) in Stenvers 
view shows a false aneurysm ( arrowhead ) of the aberrant intratympanic ( arrows ) 
ICA flow. B Two weeks later, spontaneous repair of the false aneurysm is demon- 
strated and secondary arterial narrowing ( arrowhead ) 
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Fig. 7.22. Intrapetrous internal carotid artery aneurysm 
hyostapedial artery persistence (A) or on its previous si 
small one (B) revealed by epistaxis, corresponds to focal ] 
tube. (From Willinsky et al. 1987, with permission; see Vc 



Fig. 7.23. A Intratympanic ascending pharyngeal (hyostapedial) fusiform arterial 
aneurysm in an infant with PHACE syndrome. Note the cervical and petrous inter- 
nal carotid artery agenesis and the stapedial persistence. B On the late phase the sup- 
ply to the facial hemangioma is clearly seen 
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Fig. 7.24. A Dysplastic aneurysm of the intrapetrous carotid artery is shown on lat- 
eral and B axial views. The aneurysm ( open curved arrow) bulges into the foramen 
lacerum and vidian canal. Note also the C4 origin of the ophthalmic artery ( double 
arrow). This 22-year-old patient presented with excruciating chronic facial pain and 
Horner’s syndrome, which resolved within hours following balloon occlusion of the 
petrous carotid artery. The patient’s vision was preserved 



7. 2. 2. 4 Aneurysms of the Cavernous Segment of the Internal Carotid Artery 

The most frequent site of extradural internal carotid artery aneurysms 
is the cavernous segment (Fig. 7.1). It is of interest to note that, in the Ku- 
persmith et al. series (1984), a significantly higher incidence occurred in 
females (13:1) and of the three males of that series, two had traumatic 
pseudoaneurysms. Females are particularly sensitive to certain other vas- 
cular diseases of that area: rostral to the basioccipital (osteodural AVSs). 
If one excludes the younger male patients with traumatic lesions, the 
mean age was 58 years. The youngest patient was a 24-year-old woman in 
whom symptoms developed after a pregnancy. These AAs have often been 
considered to be of atherosclerotic origin. However, the clinical patholog- 
ical study by Barr et al. (1971) clearly showed that these large saccular 
aneurysms arise as a result of a weakness in the lateral wall of the cav- 
ernous segment of the carotid artery at the origin of one of the C4 or C5 
branches of the internal carotid artery. Similar to Drake’s observations 
(1979), we have seen these lesions in young patients with no evidence of 
arteriosclerosis; we have also seen a relatively high incidence of associat- 
ed coexisting berry aneurysms. 

Among 44 cavernous aneurysms, five patients (11%) had aneurysms at 
other locations (Figs. 7.25, 7.26), a statistically significantly higher inci- 
dence than in the general population. 




402 7 Aneurysmal Vasculopathies 




Fig. 7.25. Associated extradural 
and intradural arterial 
aneurysms (AAs). The left in- 
ternal carotid artery (ICA) 
shows an AA of the cavernous 
portion with narrowing of 
the C5 segment due to com- 
pression. An associated left 
middle cerebral artery (MCA) 
aneurysm (arrow) is seen (sub- 
tracted artifacts from EEG hel- 
met). The MCA aneurysm was 
clipped, prior to balloon occlu- 
sion of the left ICA aneurysm 




Fig. 7.26A-J. A 30-year-old ► 
female patient with a 2-month 
history of moderate persistent 
occipital headaches associated 
with vertigo and with no family 
history of vascular disease. 
Neurological examination was 
normal. A-C MRI demon- 
strates multifocal large, partial- 
ly thrombosed aneurysms 
involving the intracavernous 
internal carotid artery (D-H) 
and basilar termination (I, J). 

F-J see p. 403 
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Mishkin (1965) presented 68 patients with intracavernous aneurysms; 
three had bilateral aneurysms (4.4%) and nine (13%) had small 
aneurysms in other locations. Atherosclerotic changes that occur com- 
monly in the cavernous portion of the internal carotid artery may further 
weaken the arterial wall (Rob 1954) and may be an aggravating factor in 
the progression of these lesions. Similarly, the higher incidence of hyper- 
tension (Table 7.18) in these patients may be an added factor in their 
pathogenesis (Barr et al. 1971). 

Less frequently, traumatic cavernous pseudoaneurysms may result 
from penetrating injuries, carotid endarterectomy, and transsphenoidal 
surgery (Fig. 7.27). As with pseudoaneurysms at other levels, the clinical 
presentation may be delayed. Thrombosis and dissections may also occur 
in this location, primarily following blunt trauma. 

Spontaneous dissection or intramural hematoma may occur in patients 
with blood dyscrasias or coagulopathies such as disseminated intravascu- 
lar coagulation (DIC) and often present with acute ophthalmoplegia. 
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Fig. 7.27 A-D. Intraoperative injury of the internal carotid artery (ICA) siphon dur- 
ing transsphenoidal surgery. Immediate supracavernous clipping of the ICA and 
carotid ligation at the neck were needed to stop the hemorrhage. Immediate post- 
surgical common carotid angiogram (A) and selective external carotid angiograms 
(B, C) demonstrate the clinoid portion of the siphon to be opacified through the 
maxillary-ophthalmic anastomoses. The risk of visual impairment excludes a transar- 
terial approach to the residual false sac and associated carotid cavernous fistula 
(CCF). D Manual compression at the medial canthus for several weeks was sufficient 
to induce a complete thrombosis of the CCF and the residual sac, with preservation 
of vision 
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Table 7.18. Clinical presentation of carotid cavernous aneurysms 





Initial symptoms (%) 


Present (%) 


Pain (Vl) a 


64.5 


82 


Diplopia 


23.5 


82 


Ptosis b 


12 


82 


Visual loss c 


- 


29 


Proptosis 


- 


6 


Additional aneurysms 


1 


11 


HBP or CVD d 







a Pain in the distribution of the V2 was seen in 12%. 

b Complete absence of levator muscle function was seen in 24% and some degree of 
ptosis was seen in all patients on careful examination. 
c 1 patient (2.2%) had loos of vision secondary to corneal ulceration. 
d HBP, high blood pressure; CVD, cardiovascular disease. 



Progressive thrombosis and the risk of distal embolization (Fig. 7.28) oc- 
cur like other secondary dissections. Even after the internal carotid artery 
has thrombosed, embolic episodes to the ophthalmic and/or intracerebral 
circulation may continue from the stump of the internal carotid artery 
through external carotid to internal carotid collaterals. To prevent emboli 
from either the distal carotid or the stump, balloon trapping and stumpec- 
tomy may be required (Fig. 7.29). 

Rupture of an intracavernous ICA aneurysm may occur, causing a 
spontaneous carotid cavernous fistula (CCF), with its typical clinical pres- 
entation. Such a presentation should raise two questions: are there any 
symptoms suggesting collagen disease in this patient and is the bony floor 
of the sella turcica preserved (Fig. 7.30)? 

Intracavernous giant AAs make up a special group among these AAs, as 
their possible erosion into the sphenoid sinus is a serious risk for severe 
and often fatal epistaxis. Careful CT analysis of the floor of the sella turci- 
ca will show whether or not the lesion needs to be treated. Partial throm- 
bosis of these pouches leads to inflammatory perivascular changes and 
subsequent cranial nerve impairment. Anti-inflammatory treatment of- 
ten results in relapse of symptoms. Rupture of such lesions creating a CCF 
should be treated with ICA reconstruction unless bony erosion is noted to 
destroy the floor of the sella. In this case, complete and stable exclusion of 
the pouch needs to be achieved even if this means sacrifice of the ICA 
after test occlusion. The risk of SAH from intracavernous ICA is extremely 
low except in AAs that develop superiorly or medially. 
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Fig. 7.28. A 38-year-old female patient who developed disseminated intravascular 
coagulation (DIC) syndrome after abdominal surgery and presented with dysarthria, 
right-sided weakness, and left-sided acute and complete ophthalmoplegia. The left 
common carotid artery angiogram demonstrates lateral and superior displacement 
of the cavernous carotid artery with a relatively small irregular aneurysm lumen 
( open arrow), and significant stenosis distal to the aneurysm. The carotid narrowing 
due to intramural dissection is seen proximally ( double arrowhead). Three days lat- 
er, she developed a transient episode of amaurosis fugax. The internal carotid artery 
(ICA) had thrombosed spontaneously and turbulent flow of the ICA stump was not- 
ed. A balloon stumpectomy was performed to prevent further embolic episodes 
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Fig. 7.29 A-C. A 39-year-old male patient developed amaurosis fugax 1 week after 
balloon occlusion of the left internal carotid artery (ICA) for an aneurysm of the cav- 
ernous portion. A Note the stump of the left ICA with thrombi (arrow) and two par- 
tially subtracted balloons in the precavernous and high cervical carotid arteries 
( double arrows). B Stasis of contrast in the ophthalmic artery ( open arrow) and in the 
cavernous carotid artery ( arrowhead ), suggesting an embolic event from the turbu- 
lent flow of the ICA stump. C Follow-up angiogram after a detached balloon was used 
for stumpectomy (arrow). No further embolic episodes occurred 
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Fig. 7.30A, B. Aneurysm of the cavernous carotid artery. A Axial CT image after IV 
administration of contrast material demonstrates a well-circumscribed parasellar 
mass with homogeneous enhancement and lateral bulging of the cavernous area 
(compare with right side). B Bony window demonstrates the erosion of the lateral 
spheroid bone (arrow) and widening of the superior orbital fissure ( arrowhead ) 



Clinical Presentation 

The clinical features and natural history of this condition have been stud- 
ied by Barr (1971), who described the sequence of clinical events pro- 
gressing through cranial nerve palsies, visual impairment, and proptosis, 
correlating with the way the aneurysm tends to grow laterally and com- 
press the cranial nerves, as described by Barr (1971). In the Kupersmith 
series (1984), the clinical presentation (Table 7.18) and neuro-ophthalmo- 
logical findings were carefully analyzed (Table 7.19). 

Pain in the distribution of the first division of the fifth nerve was the 
most frequent initial symptom and was eventually present in most cases. 
Severe debilitating pain occurred in one-third of our patients and was the 
primary reason for consultation. In the remainder, the pain was either 
progressive or stable, but never explosive. Partial sensory loss in the dis- 
tribution of the fifth nerve caused diminishing corneal reflex and de- 
creased light and touch perception in the distribution of the first division 
of the trigeminal nerve. When severe, the sensory loss may lead to corneal 
anesthesia and ulceration, with resulting blindness. Diplopia was the ini- 
tial complaint in less than one-third of the patients, but eventually was 
present in most. The absence of levator function alone, without internal 
ophthalmoplegia and with normal pupillary function, was seen in one- 
third of patients with ptosis and reflected partial third nerve dysfunction. 
This did not improve in any of our patients following treatment (Beren- 
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Table 7.19. Neuro-ophthalmological findings in cavernous carotid aneurysms 



Isolated 3 (%) Impaired (%) 



Cranial nerve III (14) 


12 


82 


Cranial nerve IV 


- 


47 


Cranial nerve VI 


12 


71 


All muscles involved 


- 


35 


Complete ophthalmoplegia 


- 


18 


Cranial nerve VI sensory loss b 


- 


24 


Parasympathetic 


- 


53 


Sympathetic abnormality 


- 


35 



3 29% of patients with oculomotor nerve palsy had no internal ophthalmoplegia. 
b A profoundly anesthetic cornea in one patient (2.2.%) resulted in corneal ulcera- 
tion and visual loss. 



stein 1984a). Progressive unilateral loss of vision occurred relatively late 
in the course and was usually due to compression of the optic nerve sec- 
ondary to anterior expansion of the aneurysm. Second nerve sensory in- 
volvement was a less frequent cause of visual loss. 

Proptosis rarely occurred in Kupersmith’s patients and was mild when 
present, probably because of the ability to make an early diagnosis on CT 
scans, as compared with a higher incidence and degree of proptosis in 
older series (Jefferson 1938). 

Varying degrees of ipsilateral ophthalmoplegia were present in 94% of 
patients but occurred as the initial symptoms in less than one-third of pa- 
tients, probably reflecting compensation of mild ocular motor changes 
(Morley 1968). Isolated extraocular nerve compression was unusual and 
involved only the sixth and third cranial nerves; isolated fourth cranial 
nerve involvement was not seen. All muscles were involved in 30% and a 
complete ophthalmoplegia was present in 18%. Contrary to other series 
(Jefferson 1938; Morley 1968), we found that the third nerve was involved 
more frequently than the sixth nerve. 

Parasympathetic or sympathetic pupillary abnormalities ipsilateral to 
the aneurysms were observed in most patients. Additional aneurysms 
were seen in 11% and bilateral cavernous lesions were seen in 3%, com- 
parable to the experience of Drake (19%) (1979) and Mishkin (1965), but 
less than reported by Barr (1971). There was a high incidence of associated 
high blood pressure and cerebrovascular disease, and these are probably 
significant aggravating factors. 

Further expansion of the aneurysm will eventually strip the dura from 
the floor of the middle cranial fossa. Anterior extension is usually a late 
event and results in erosion of the anterior clinoid process. Eventually, 
inferolateral extension occurs into the optic foramen and the superior 
orbital fissure. Nonpulsatile exophthalmos with compression of the optic 
nerve may result and lead to progressive visual loss and optic atrophy. 
Posterior expansion, often a late event, can lead to ipsilateral facial nerve 
palsy and deafness, sometimes followed by rupture and massive hemor- 
rhage (Barr 1971). Medial expansion may erode the lateral aspect of the 
sella. Severe epistaxis may occur with aneurysm rupture into the sphe- 
noid sinus (Figs. 7.30, 7.31). 
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Fig. 7.31. Partially thrombosed 
intracavernous arterial 
aneurysm with significant skull 
base erosion at the level of the 
sella turcica 



Surgical ligation of the parent artery as treatment for these aneurysms 
has been replaced by endovascular parent artery occlusion with balloons 
or coils (Fig. 7.32). More recently, parent vessel preservation and aneurysm 
exclusion has been accomplished using a combination of stent placement 
across the aneurysm neck and simultaneous endosaccular occlusion of 
these aneurysms using coils (Figs. 7.33, 7.34) or liquid materials (see 
Chap. 1, this volume). Technical limitations to the stenting of tortuous ves- 
sels in the neck and along the skull base are gradually being overcome, 
making it the preferred method of treatment for these aneurysms. Ad- 
vances in covered stent technology will likely make it possible in the 
future to cross the often wide neck of these aneurysms, preserving the 
parent artery, without having to deposit material into the aneurysm itself 
(see Chap. l,this volume). 

Bone erosion is best shown on CT and should be looked for (Figs. 7.31, 
7.35) (Mishkin 1965). A negative noncontrast CT is insufficient to rule out 
aneurysm of the cavernous carotid siphon (ACCS). Following the intra- 
venous administration of contrast material, the patent ACCS shows as a 
uniformly enhancing lesion with well-circumscribed borders and no ede- 
ma (Fig. 7.30). In a smaller number of cases, the CT will demonstrate the 
characteristic appearance of a partially thrombosed aneurysm (Pinto et 
al. 1979), i.e., an area of ring enhancement with an eccentric enhancing lu- 
men surrounded by irregular low attenuation (representing the throm- 
bus). Similarly, MRI and MRA have been used to clarify these parasellar 
mass lesions and to demonstrate in detail the relationship between the 
ACCS and the adjacent soft tissue structures (Figs. 7.32, 7.35). The vascu- 
lar study chosen, whether invasive or noninvasive, should contribute to 
making the diagnosis of ACCS and include the evaluations relevant to the 
therapeutic management. The anatomy of the vessels involved in the AA 
as well as the anatomy of the rest of the vasculature should be visualized 
to better understand the potential for collateral supply to the territory. 
The current challenge in most large AAs, when endovascular stenting is 
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Fig. 7.32A-G. A 78-year-old female patient with sudden ophthalmoplegia and head- 
aches. At admission right-sided ptosis; third and sixth nerve palsies were noted. 
A MRI demonstrates unruptured giant internal carotid artery (ICA) aneurysm. 
B, C Pre-embolization angiograms. Note the stenosed intrapetrous ICA and the su- 
perficial temporal artery (STA) appearance, information required if an STA-MCA 
by-pass was to be proposed. ICA balloon occlusion is performed after the patient 
passed an occlusion test. Rapid improvement of ophthalmoplegia and headaches oc- 
curred. D-G see p. 412 
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Fig.7.32 ( continued ). D-G Follow-up MRA and MRI confirm the complete occlusion 
of the AA and its shrinkage 




Fig. 7.33 A-C. Legend see p. 413 
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Fig. 7.34A-C. A 60-year-old female patient presenting with facial pain. Intracav- 
ernous internal carotid artery (ICA) aneurysm (A, MRI), associated with a trigeminal 
artery variant (ICA origin of AICA). B Before and C after coiling (see also Fig. 1 .66) 



Fig. 7.33. A, B MRI and C internal carotid artery (ICA) angiogram. Intracavernous 
ICA aneurysm in a patient presenting with hyperprolactinemia and galactorrhea. 
Normalization of endocrine activity occurred following complete exclusion of the 
arterial aneurysm with coiling. (From Caldas et al. 1998, with permission) 
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Fig. 7.35A-C. Thrombosed 
giant cavernous aneurysm with 
bony erosion. A Axial image. 

B Coronal image on the en- 
hanced CT 2 days later, after 
embolization, shows a throm- 
bosed aneurysm (star) with the 
enhancing wall (small arrows). 
Note the bone destruction in- 
volving the posterior clinoid 
process (A) and parasellar (B) 
areas. C Eight months after em- 
bolization, note the shrinkage 
of the aneurysm (arrows) and 
the bulging towards the sphe- 
noid sinus (arrowhead) 



considered to be the optimal treatment, is our capacity to catheterize the 
artery beyond the AA. Finding the outlet may be difficult without satis- 
factory 3-D pictures, virtual endoscopic reconstructions, and eventually 
3-D fluoroscopy (Fig. 7.26). Obviously, the risks of endovascular manipu- 
lation will vary depending on the presence of a patent versus a partially 
thrombosed lumen of the ACCS. 

All of our patients with cavernous carotid artery aneurysms benefited 
from endovascular treatment (Tables 7.20, 7.21) (Kupersmith 1984). The 
most constant improvement was the complete resolution of pain in all 
patients. 

Diplopia improved in more than half of the patients and it resolved 
completely in over 60% of these. Visual loss improved in 20% and stabi- 
lized in an additional 40%. Proptosis, although infrequent, resolved in all. 
For our only patient who presented with SAH, we occluded the internal 
carotid artery, and this resulted in thrombosis of the aneurysm. During 
thrombosis of the aneurysm early after embolization, CT will show the 
typical target appearance (Pinto 1979). We have documented throm- 
bosis and a decrease in mass effect, with collapse of the aneurysm sac 
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Table 7.20. Clinical results after embolization 





Improved (%) 


Resolved (%) 


Unchanged (%) 


Worsening* (%) 


Pain 


_ 


100 


_ 


_ 


Diplopia 


62 


24 


14 


14 


Ptosis b 


27 


36 


36 


- 


Visual loss 


20 


- 


80 c 


- 


Proptosis 


- 


100 


- 


- 



a Transient with eventual improvement as compared to pre-embolization. 
b Including 66% of patients with complete ptosis prior to embolization. 
c Stabilized in 40%. 



Table 7.21. Neuro-ophthalmological findings after embolization 





Improved 

(%) 


Resolved 

(%) 


Worsened* 

(%) 


Unchanged 

(%) 


Cranial nerve III 


20 


60 


6 


20 


Cranial nerve IV 


17 


50 


- 


33 


Cranial nerve VI 


12.5 


50 


12.5 


37.5 


Complete ophthalmoplegia 


- 


- 


- 


100 


Cranial nerve V! sensory loss 


44 


56 


6 


- 


Sympathetic 


- 


- 


- 


100 


Parasympathetic 


- 


- 


~ 


100 



Transient with eventual improvement as compared to pre-embolization. 



(Figs. 7.32-7.35). The results of treatment on cranial nerve dysfunction 
are outlined in Table 7.21. Dysfunction in the third, fourth, fifth, and sixth 
cranial nerves resolved in more than half of the patients and improved in 
others. The fifth nerve was the only one that showed either full recovery 
or some improvement in all patients. 

No improvement occurred in the sympathetic or parasympathetic dys- 
functions. 



7.2.2.S Cervical Fibromuscular Dysplasia 

Cervical fibromuscular dysplasia (FMD) is characterized by multifocal 
dysplasia of the vessel wall of branches of the aorta and is frequently 
associated with intracranial aneurysms. The lesions (Fig. 7.36) may be 
stable or progressive. Over 30%-50% of patients have a family history of 
FMD and a number of other vascular disorders (stroke, high blood pres- 
sure, migraine, impaired hearing, cerebral hemorrhage, etc.). It has been 
suggested that FMD is inherited as a dominant trait, with reduced pene- 
trance in males (Rushton 1980). 

The morphological features in affected head and neck arteries are the 
same as those described in the renal artery and include fibroblast-like 
transformation of smooth muscle cells. Each of the three layers of the ar- 
terial wall may be dysplastic. The spectrum of lesions include the beaded 
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Fig. 7.36A-C. Cavernous aneurysm associated with fibromuscular dysplasia (FMD) 
of the progressive type. A 39-year-old female patient with high blood pressure, 
chronic headache, fluctuating ophthalmoplegia, and rapid onset of diplopia and de- 
layed onset of Horner’s syndrome. A Note the characteristic string-of-beads appear- 
ance of FMD (arrows). The diplopia resolved spontaneously in 3 weeks. She was 
placed on an antiplatelet regimen. B The left internal carotid artery (ICA) is also in- 
volved with FMD (arrows). C Lateral subtraction angiogram of the right ICA, 1 year 
later. While still on aspirin therapy, the patient presented with acute onset of Horner’s 
syndrome. Note the progression of the disease, with significant tubular stenosis 
(arrowhead) and partial thrombosis of the aneurysm (double arrow) 
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type, which is generally caused by medial fibroplasia (60%-85%), with 
alternating ridges (fibroproliferative tissue or collagen disrupting the 
smooth muscle) and aneurysms in the media (deficient smooth muscle or 
lamina elastica interna). Tubular stenosis (elongated narrowing of the lu- 
men) and focal ring-shaped or eccentric stenoses may also occur. Macro- 
scopic aneurysmal outpouchings and dissections can be present at an- 
giography and at gross pathological examination and are thought to be 
complications of FMD. 

FMD of the brachiocephalic vessels characteristically occurs distal to 
the cervical bifurcations and is rarely found in the proximal portions of 
the common carotid or vertebral arteries (see Sect. 7.3. 1.5). 

In more than 90% of cases, the clinical presentation of FMD includes 
frequent headaches, high blood pressure, high incidence of associated 
ruptured cerebral aneurysms, as well as ischemic cerebral episodes. Asso- 
ciated Horner’s syndrome and hearing impairment may occur. These 
symptoms, when present in a young patient (particularly a Caucasian fe- 
male) are highly suggestive of FMD (Manelfe et al. 1974; Mettinger 1982). 
The renal arteries should also be analyzed. Stenotic lesions of the carotid 
arteries were in the past treated either by surgical resection of the in- 
volved segment or by progressive intraoperative dilatation (Ehrenfeld and 
Wylie 1974). Hasso et al. 1979 was the first to report the use of angioplas- 
ty balloons to dilate single symptomatic constrictions with good results, 
and this treatment is now standard treatment for symptomatic stenotic 
FMD of the cervical ICA that does not respond to antiplatelet medication. 
The disease mostly runs a benign course, provided that efficient preven- 
tion of embolic stroke can be achieved. The association with intradural 
AA will be discussed in Sect. 7.3.2. 1. 

When an extradural aneurysm associated with FMD is deemed to re- 
quire treatment, parent vessel sacrifice should probably be considered, 
similar to the treatment of aneurysms in other vascular dysplasias (neu- 
rofibromatosis). Parent vessel preservation using angioplasty and stent- 
ing may cause the dysplastic wall to fail to support the hemodynamic 
changes, resulting in distal embolization, particularly in collagen diseases. 
This issue remains controversial and therefore should be thoroughly 
assessed in each individual case. 



7.2.3 Internal Carotid Artery Occlusion 
in Extradural Internal Carotid Artery Aneurysms 

For a long time the treatment of choice of cervical aneurysms was surgi- 
cal resection of the aneurysm with reconstitution of the carotid lumen 
using venous or Dacron grafts, or if possible, with primary anastomosis 
when there was significant redundancy of the carotid artery (Benvenuto 
et al. 1961; Buxton et al. 1964; Cifarelli and Sadiq 1971; Halasz and Ken- 
nady 1964; Ohara et al. 1968; Raphael et al. 1963; Shea et al. 1955; Wilson 
and Jordan 1961). Transcatheter treatment has now been developed and 
benefits largely from the experience gained in cervical arterial occlusive 
disease stenting. While preservation of the cervical arteries to the brain is 
the ideal goal to reach, there will still be a significant number of cases in 
which carotid occlusion is a safe and stable treatment. 
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Surgical experience seems to favor gradual occlusion with a clamp 
(Drake 1979b; Gianotta et al. 1979; Oiler et al. 1976; Pia 1978). This grad- 
ual and reversible occlusion theoretically appears safer than acute ligation, 
as it can reestablish flow if necessary, but ischemic cerebral symptoms can 
occur as the occlusion nears completion. Distal embolization may o<fcur 
after reopening the clamp, or prior to complete clamping from residual 
antegrade flow through the partially thrombosed aneurysm or from par- 
tial thrombosis of the carotid artery proximal to the clamp. 

In a cooperative study, Nishioka (1966 ( ) reported deficits, thought to be 
ischemic, that occurred during gradual occlusion of the internal carotid 
artery and that reversed in 56% of the patients when the clamp was re- 
opened. However, in some patients the deficit worsened after the clamp 
was opened, and although the term “ischemic” was used, the worsening of 
the symptoms after increasing carotid flow must reflect an embolic po- 
tential. In 62 patients reviewed by Landolt (1970), 38% of patients treated 
by gradual occlusion developed complications, as opposed to only 24% of 
those treated by abrupt carotid occlusion. These authors concluded that 
most of the so-called ischemic deficits encountered during or after thera- 
peutic carotid occlusions are thromboembolic in nature. A similar con- 
clusion was reached by Heros et al. (1983). They recommend the use of 
detachable balloons or abrupt ligation of the internal carotid artery with 
the patient awake following angiographic demonstration of good collat- 
eral circulation and proper balloon test occlusion. 

In patients who have poor collaterals or those who fail provocative test- 
ing, an EC-IC bypass may be advisable. We suggest retesting following 
this bypass and prior to carotid occlusion. 

Peerless, in the comment to Heros’ article (1983), concurred with this 
conclusion and suggested that the balloon occlusion just proximal to the 
aneurysm would leave a shorter stump in the carotid for thrombi to form. 
He already suggested systemic anticoagulation with a gradual tapering 
dose of heparin over 7 days and then aspirin for 1 month. Interestingly, in 
Peerless’s group of 15 patients with giant aneurysms treated in this way, 
no complication occurred. However, in three (20%), after occlusion prox- 
imal to the aneurysm, the aneurysms continued to fill and required surgi- 
cal trapping. Unfortunately, he failed to mention if any of these aneurysms 
were beyond the cavernous area. 



7.2.3. 1 Tolerance to Carotid Occlusion ' 

If treatment is contemplated during the angiographic work-up prior to 
embolization, a test of tolerance to acute carotid occlusion is needed. Var- 
ious tests have been reported, including xenon cerebral blood flow stud- 
ies and stump pressures after temporary occlusion (Drake 1979; Gelber 
and Sundt 1980; Sharbrough et al. 1973; Berenstein 1984b) (see Chap. 1, 
this volume). In patients in whom an associated intracranial aneurysm is 
found, primarily in another circulation, and in whom carotid occlusion is 
contemplated, the incidental aneurysm should be treated first (Fig. 7.25). 

Following internal carotid artery occlusion, primarily at the cervical 
level, delayed (3-5 days) neurological complications may result from em- 
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bolization through retrograde filling of the aneurysm via recanalized seg- 
ments of the cavernous carotid at the C4 or C5 levels (Drake 1983) or from 
the proximal internal carotid stump (Barnett et al. 1978) (Fig. 7.29). To 
prevent this complication, balloon occlusion of the internal carotid artery 
has the advantage over cervical (surgical) carotid ligation in that it per- 
mits easy percutaneous trapping of the aneurysm in one procedure 
(Fig. 7.29). 

Since we started using balloon stumpectomy, we have seen no episodes 
of embolism from the external carotid to the ophthalmic or internal 
carotid arteries. As an additional precaution, the use of platelet aggrega- 
tion inhibitors such as low doses of aspirin for 1 month has proven useful. 

Minor transient aggravation of ocular symptoms or trigeminal pain 
can occur following embolization, and may be due to a traction phenom- 
ena on the nerves in the cavernous sinus during collapse of the throm- 
bosing aneurysm sac (Fig. 7.35), (Strenger 1966). 

Drake (1979) has postulated that enlargement of the aneurysm during 
thrombosis could also be responsible for frequent transient and reversible 
aggravation of ocular symptoms. On one occasion, emergency surgery to 
decompress the optic chiasm was needed in Drake’s experience. Most 
probably a combination of both phenomena is responsible for this rela- 
tively infrequent transient clinical worsening. 

Aneurysm trapping may not be possible in all cases, as the outlet into 
the distal carotid may be at an unfavorable segment of the aneurysmal sac 
(Fig. 7.26). In some cases, an elongated Gold Valve 16 latex balloon can be 
used to reach the distal outlet of the aneurysm. In others, it may be unwise 
to manipulate a microballoon catheter through an aneurysm if the pre- 
liminary angiogram shows a partially thrombosed lesion (Figs. 7.28, 7.32). 
When there is an ophthalmic artery origin from the cavernous carotid 
artery (Fig. 7.24), this segment must be preserved, as its occlusion carries 
a high risk of blindness. 

The technique used for test occlusion is different depending on the 
available tools in various areas of the world; however, the following issues 
remain essential: 

- Careful analysis of the anatomical disposition and transcranial anasto- 
moses in most cases make it possible to anticipate the result of the test. 

- The test should be done under systemic heparin protection. 

- The occlusive device used for the test should not damage the vessel 
wall. 

- Assessment of the other vessels’ contribution during balloon inflation 
is necessary and requires access by two catheters. 

- The simultaneous appearance of the venous phases of the distal terri- 
tory of the occluded artery and that of the supratentorial and infraten- 
torial brain is a strong indicator of good tolerance. 

- Clinical assessment should be simple and rehearsed with the patient 
before the test. 

- The duration of the occlusion can range from 10 to 30 min; usually in- 
tolerance is immediate. The blood pressure at which the test is made 
should be carefully chosen, noted, and monitored during and after the 
test if the artery is sacrificed. 
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- If the test is done with a detachable balloon it should be placed at the 
site of optimal detachment but gently inflated, enough to allow occlu- 
sion. If the test is favorable the balloon is not deflated. It will be inflated 
further if the decision is made to proceed to the sacrifice. 

- If the test is done with a nondetachable double-lumen balloon catheter 
distal heparinized saline dripping should be maintained, as deflation 
will proceed regardless of the result of the test. 

- Finally, we recommend that when a major cerebral vessel is occluded, 
more than one balloon should be used as a safeguard in case of early 
deflation. The last balloon should be placed in the cervical internal 
carotid artery just distal to the bifurcation to obtain an endovascular 
balloon stumpectomy (Fig. 7.29). 

At present, EC-IC bypass is an excellent adjunct prior to balloon occlu- 
sion of the internal carotid artery, when one can predict insufficient col- 
lateral circulation from the angiographic investigation, or when the pa- 
tient fails the tolerance test. EC-IC bypass will decrease the potential of 
ischemic complications, but will not prevent delayed embolic episodes. 
The value of prophylactic EC-IC bypass is questionable (Heros et al. 1983). 



7.23.2 Postembolization Care 

In addition to routine postembolization care (see Chap. 1, this volume), 
special considerations must be taken after occlusion of the internal carotid 
artery. Frequent and careful neurological and cardiovascular assessment 
is mandatory. Ischemic deficits may result from fluctuations in blood 
pressure, position, or cardiac output. These patients have a high incidence 
of high blood pressure and periods of relative hypotension may require 
aggressive management with volume expanders or vasopressor medica- 
tion (see Chap. 1, this volume). On occasions when ischemic symptoms 
develop (early or delayed), a pharmacological increase in cerebral perfu- 
sion by medical means may be necessary for up to several days, until the 
autonomic regulatory system compensates and sufficient collateral flow is 
established. Strict bed rest is mandatory during the immediate postoper- 
ative period. Patients may start ambulation progressively 36 h after em- 
bolization, but physical activity should be restricted for approximately 
3-4 weeks. 



7.2.4 Extradural Vertebral Aneurysms 

Extradural vertebral aneurysms are rare. In a review of 125 cases, Killian 
(1951) reported that 17.5% involved the first or proximal segment, 70% 
the second portion, and 12.5% the third portion of the vertebral artery. 
Trauma is the most frequent cause. 

After its origin from the subclavian artery, the first segment of the ver- 
tebral artery is enclosed by fascia as it traverses the neck to enter the 
transverse foramen of the sixth cervical vertebral body. At this point, 
it courses between tendons of the scalenus anterior, longus coli, and 
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scalenus media muscles. It then ascends through the transverse foramina 
of the upper cervical vertebra. It is accompanied by a plexus of veins, 
which communicate with the epidural longitudinal vertebral plexus, the 
basivertebral veins, and the prevertebral veins, which ultimately drain 
into the internal jugular vein. The third segment exists from the trans- 
verse foramina of the atlas and courses posteriorly and medially around 
the lateral mass of the atlas to reach a groove on the upper surface of the 
posterior arch of the atlas. The fourth segment of the vertebral artery pen- 
etrates the oblique ligament of the atlas (inferior border of the atlanto-oc- 
cipital membrane), pierces the dura of the spine and then courses upward 
through the foramen magnum to unite with the opposite side to form the 
basilar artery (Davis and Zimmerman 1983). 

Most traumatic pseudoaneurysms of the vertebral artery result from 
penetrating injuries, including osseous fracture fragments. Because of the 
close proximity between the vertebral artery and the paravertebral ve- 
nous plexus, arteriovenous fistulae following trauma and direct puncture 
vertebral angiography are relatively more frequent than pseudoaneurysms 
(Davis and Zimmerman 1983; Dutton and Ihserwood 1970; Jamieson 
1965; Lester 1966; McDowell 1971). 

It has been estimated that as many as 1 in 20,000 spinal manipulations 
will result in a stroke, often involving the vertebral basilar system. 

In vertebral artery SDs, neck pain and nuchal rigidity are frequent, 
even without SAH. Spinal epidural hematomas are unusual manifesta- 
tions of vertebral artery dissection. Ischemic symptoms occur in more 
that 90% of patients and affect mostly the brain (Fig. 7.37). Isolated is- 
chemia of the cervical spinal cord is an uncommon but increasingly rec- 
ognized complication of vertebral artery SD. Ninety percent of infarcts 
due to SD are thromboembolic rather than hemodynamic. The reported 
rate of death from SD of the carotid and vertebral arteries is less than 5%, 
and about 75% of patients who have had a stroke make a good functional 
recovery (see Chap. 1, this volume). Vertebral artery SDs are most often at 
the level of the first and second cervical vertebrae, 10% of vertebral artery 
SDs extend intracranially (Fig. 7.38). 

In about 10%-20% of patients, SD is detected in two or more vessels, 
and these multivessel SDs often appear to have occurred at the same time. 

Nontraumatic aneurysms of the vertebral artery are rare (Fig. 7.39). 

Among 125 cases reported by Kilian (1951), seven had mycotic 
aneurysms associated with osteomyelitis of the cervical vertebrae. A pri- 
mary dissecting aneurysm of the vertebral artery resulting from degener- 
ation of the media was described in a hypertensive 56-year-old female by 
Bostrom in 1967. Newton and Adams (1968) reported an unusual case of 
bilateral saccular aneurysms of the vertebral arteries, internal carotid 
artery, and brachial artery, probably the result of a congenital defect in the 
media. Enlargement of the adjacent neural foramina indicated that the 
lesions were long standing. 

Some cases are associated with familial vessel wall diseases leading to 
large AAs, as seen in neurofibromatosis type I (Fig. 7.40). In other situa- 
tions, the dysplastic arteries will present fusiform alterations in conjunc- 
tion with stenotic segments. The appearance is that of an abnormal prox- 
imal artery, which at a given segment suddenly returns to normal caliber 
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Fig. 7.37 A-D. A 7-year-old boy 
presented with repeated 
episodes of headaches and 
nystagmus, but no history of 
trauma. A, B Intraluminal clot 
proximal to the transdural 
portion of the vertebral artery 
(VA). One year later, after anti- 
coagulation treatment for 
6 months, note (C) the partially 
recanalized distal basilar ar- 
tery, the reopened VA, and (D) 
the residual fusiform ectasia 
corresponding to a possibly 
healed dissection or focal dys- 



with a normal distal vascular bed. As seen following rupture of these ves- 
sels into the vertebral plexus, repair of these abnormal arteries cannot be 
achieved and they eventually thrombose. 

C1-C2 and C2-C3 dissections with aneurysmal dilatation, endolumi- 
nal clot, and distal emboli are often noted on investigation of recurrent 
posterior fossa stroke in children (Figs. 7.37, 7.38). They are usually non- 
traumatic, yet no underlying disease is found, and the treatment is med- 
ical (see Vol. 3). The angiographic appearance is one of a fusiform dis- 
secting AA; following anticoagulation and aspirin treatment, the lesion 
heals but the segmental or focal fusiform ectasia (Fig. 7.37) tends to re- 
main, apparently without risk of future rupture (as in the second type re- 
ported by Mizutani et al. 1999; see Sects. 7.4 and 7.5.2). 

The angiographic work-up of vertebral AA is the same as described for 
patients with cavernous aneurysms and includes full angiographic analy- 
sis to rule out additional lesions, assessment of collateral circulation and 
tolerance testing. The treatment of choice for surgically inaccessible le- 
sions is trapping of the aneurysm with preservation of supply to the ipsi- 
lateral posterior inferior cerebellar artery. The technique and principles 
are similar to those mentioned in the treatment of carotid artery 
aneurysms and vertebral artery fistulae. In addition, the arterial supply to 
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Fig. 7.38A-D. A 3 -year-old boy presented with transient episodes of bilateral blind- 
ness and right-sided paresthesias involving the upper limb. Repeated accidents over 
a few weeks. Sudden vertigo, double vision, headaches before right-sided hemipare- 
sis. Normal CT, MRI shows increased signal involving the left thalamus (A) and cere- 
bellar hemispheres. C2-C3 dissecting type of AA with no intraluminal clot (B, C). 
Microemboli in posterior fossa circulation (D). Good clinical recovery; treatment in- 
cluded 6 months of anticoagulation therapy 



the cervical spinal cord should be scrutinized and verified prior to verte- 
bral artery sacrifice. In particular, both its role in the supply to the cord 
and potential for collateral circulation are important to note (Fig. 7.150). 
As many of the diseases involved will weaken the arterial wall, high-qual- 
ity noninvasive vascular imaging such as enhanced MRI is highly recom- 
mended prior to selective transarterial catheterization. 

Numerous cases of FMD of the cervicocephalic arteries have been pub- 
lished, including a series of 383 cases reported by Mettinger and Ericson 
in 1982. In contrast, little is known about FMD lesions affecting the verte- 
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Fig. 7.39. Nontraumatic 
fusiform aneurysm (arrow) of 
the extradural vertebral artery, 
likely to be of the dissecting 
type 




Fig. 7.40 A-C. A 21 -year-old female patient with neurofibromatosis type 1. She pre- 
sented with right cervicobrachial pain with no peripheral nerve palsy, suspected to 
be related to a neurofibroma. A, B MRI showed paravertebral soft tissue mass lesion 
with bony erosion. C Angiography demonstrated giant fusiform arterial aneurysm of 
the VI segment of the right vertebral artery. Proximal coil occlusion of the vertebral 
artery was subsequently performed with incomplete resolution of the pain at long- 
term follow-up 



bral artery and a search of the literature yielded a total of only 85 cases 
(Vega et al. 1985). 

The clinical findings were extremely varied. Thirteen percent of the 
patients had an established or transient ischemic accident in the verte- 
brobasilar territory and one-third of these presented with a dissection of 
the vertebral artery; 32% exhibited symptoms (vertigo, cranial nerve 
paralysis, dizziness) that could be ascribed to vertebrobasilar insufficien- 
cy; 13% complained of headache associated with other neurological signs 
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suggestive of vertebrobasilar insufficiency or ischemic accident. A cervi- 
cal bruit perceived by the patient was noted in 15%; one-fifth of these pa- 
tients had a vertebrovertebral AVF. 

In 32% of patients, however, FMD of the vertebral artery was discov- 
ered by chance, either during an ischemic event in the carotid territory, 
during evaluation of SAH (2/85 cases), or after a bruit was detected at aus- 
cultation. 

At angiography, 121 vertebral arteries were found to have FMD lesions. 
Among the 50 patients who underwent bilateral vertebral arteriography, 
72% had bilateral and 28% unilateral FMD involvement. 

In 75 of Vega’s 95 patients, FMD of the vertebral artery was associated 
with FMD of the extracranial portion of the internal carotid artery. In 9 of 
75, the disease affected not only the internal carotid artery, but also other 
major vessels, notably the external carotid artery or its branches (five 
cases), the axillary artery (one case) and the right and left MCA arteries 
(one case). 

In a series of 150 patients with FMD of the cervicocephalic arteries, the 
disease involved the carotid arteries in 140 cases (93%) and the vertebral 
arteries in 85 cases (53.5%) (Vega et al. 1985). The greater incidence in the 
carotid vasculature might be because all patients did not have angiogra- 
phy of the vertebrobasilar vessels. 



7.2.5 Aneurysms of the External Carotid Artery 

Aneurysms of the external carotid artery are rare. Schechter’s review 
(1979) of all reported cases of cervical carotid aneurysms from 1687 to 
1977 revealed that only 2.2% affected the external carotid artery. The great 
majority of these AAs were posttraumatic and usually secondary to pen- 
etrating injuries, as reported by Hite et al. (1966). 

Davies (1961) collected 115 patients with superficial temporal 
aneurysms prior to 1935: 72% were posttraumatic. He also reported two 
traumatic pseudoaneurysms secondary to penetrating injuries and Wortz- 
man (1963) reported the first angiographically documented pseudo- 
aneurysm. In 1979, De Stephano reported a pseudoaneurysm of the lin- 
gual artery. In 1983, Gomori et al. reported the angiographic and CT 
findings of a lingual pseudoaneurysm confirmed pathologically, although 
no history of trauma or infection could be obtained. 

Pseudoaneurysms of the internal maxillary artery from a penetrating 
injury (gunshot wound) (Fig. 7.41) and of the facial artery after blunt 
trauma (fistulous pouch without bone fracture) (Fig. 7.42) are classic 
findings that were noted during embolization of severe hemorrhagic 
complications of maxillofacial trauma. 

Pseudoaneurysms of the superficial temporal artery (Fig. 7.43) and 
middle meningeal artery after surgery or in association with other vascu- 
lar injuries can also be observed. Although the former may have little clin- 
ical significance if stable and expansive, the latter carries the potential of 
producing an extra- axial fluid collection. Extradural hematomas were 
seen in 70% of patients and subdural collections in 20% of patients re- 
ported by Treil et al. (1977). In 80% of cases, the lesion was secondary to 
skull trauma. 
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Fig. 7.41 A, B. Traumatic false aneurysm of the IMA following a gunshot wound. The 
patient presented with acute epistaxis, which responded to surgical clipping of distal 
IMA branches. Delayed recurrence of epistaxis brought the patient to angiography. 
A Maxillary artery angiogram shows a large pseudoaneurysm at the origin of the 
middle meningeal artery. B The aneurysm was occluded ( curved arrow) with a large 
piece of Gelfoam. In a previously healthy vascular system, Gelfoam accomplishes an 
occlusion that lasts long enough for definitive repair 



The filling of diploic or dural veins following head trauma with or with- 
out epidural hematoma is frequent; it does not necessarily indicate a true 
AVF, but may be secondary to active extravasation into a closed compart- 
ment at high pressure. 

With the exception of the intracranial branches, traumatic lesions of 
the external carotid artery tend not to produce symptoms, probably 
because of the rich local collateral circulation. In symptomatic patients, 
the clinical presentation is that of a pulsatile mass in the distribution 
of one of the external carotid artery branches. Epistaxis may occur in 
sphenopalatine injuries and can be intermittent. Turbulent flow within 
the aneurysm may give the false impression of a bruit, suggesting the 
presence of a fistula. The diagnosis is usually made by enhanced CT and 
confirmed at angiography. Extravasation of contrast material may be 
demonstrated during periods of active bleeding (Fig. 7.43). One should be 
prepared to embolize when performing emergency angiography after 
trauma, even without evidence of active bleeding at angiography. Special 
attention should be paid to the missing artery or focal spasm. It is impor- 
tant to conduct a complete study of the arterial and venous circulation at 
the skull base prior to making a decision based on the interpretation of 
the angiographic findings and symptoms. 

Other causes of pseudoaneurysms in the external carotid distribution 
include radiation therapy for malignant disease, vessel wall invasion by 
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Fig. 7.42 A-C. False aneurysm 
of the facial artery following 
blunt trauma. A Bilobed 
aneurysm of the facial artery 
(arrow). B After embolization, 
note the collateral circulation 
distal to the aneurysm ( arrow- 
head) via the buccal artery 
( curved arrow). C CT without 
contrast following emboliza- 
tion of the facial artery shows 
the thrombosed false aneurysm. 
Arrows indicate the intra-arte- 
rial glue 




tumor (Fig. 7.44), and iatrogenic vessel injury during surgery or percuta- 
neous biopsy. The evaluation of acute bleeding in a patient who may have 
an external carotid artery pseudoaneurysm is one of the few situations 
where superselective angiography is not indicated, as rerupture and 
hemorrhage can occur if the catheter is inadvertently wedged during 
injection. 

Nontraumatic aneurysms of the proximal middle meningeal artery can 
be associated with Paget’s disease and in meningiomas. Mujica et al. 
(1981) reported a 54-year-old female presenting with SAH in whom two 
aneurysms were found in the meningeal branch of the ascending pharyn- 
geal artery. One sac was at the level of the foramen magnum, immediately 
lateral to the medulla; the second one was found along the side of the 
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Fig. 7.43. A Traumatic pseudoaneurysm of the superficial temporal artery, present- 
ing as a pulsatile mass. B A 23-year-old female patient presented sudden intraoral 
hemorrhage during the postoperative course of an uneventful wisdom tooth re- 
moval, in a different patient; false arterial aneurysm of the alveolar artery is shown 
on selective internal maxillary angiogram (B). Angiogram immediately after em- 
bolization with glue (C) demonstrates exclusion of the bleeding point and fluid level 
in the pouch on plain film (D) 
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Fig. 7.44. A 48-year-old male 
patient with nonsurgical laryn- 
geal malignancy treated with 
irradiation presented with sig- 
nificant oral bleeding from the 
larynx. Superselective catheter- 
ization of the superior thyroidal 
artery demonstrates a false 
aneurysm. The pressure injec- 
tion produced a significant 
extravasation. 0, occiput; 

M, mandible 




medulla. These were most likely partially thrombosed dural arteriove- 
nous shunts (AVSs) draining in the subarachnoid space. 

Flow-related AAs are not seen on the ECA branches supplying high- 
flow lesions. Hemodynamic changes may account for the few specific sit- 
uations where AAs are seen: middle meningeal AAs in juvenile-type dur- 
al sinus AVSs Fig. 7.117) (see Vol. 3) and in superficial temporal artery 
(STA) aneurysms after STA-MCA anastomosis. Mycotic aneurysms of 
the external carotid artery are extremely rare. Dysplastic aneurysms of 
the external carotid artery are seen in some rare maxillofacial AVMs 
(Fig. 7.45) and in familial vessel wall diseases. In the latter situation, AAs 
are associated with multiple changes in arterial caliber of the vessel. In 
PHACE syndrome, AAs of the fusiform type involve ECA branches; how- 
ever, these arteries supply the brain in rare anatomical features, preserv- 
ing embryonic channels (Fig. 7.46). 

Aneurysms of the external carotid artery are usually easy to treat by en- 
dovascular occlusion, and the success rate is near 100%. Almost any tech- 
nique that produces a mechanical obstruction of the parent artery at the 
orifice of the pseudoaneurysm will be effective. 
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Fig. 7.45. A Nontraumatic su- 
perficial temporal artery 
aneurysm in a patient with a 
subcutaneous arteriovenous 
malformation invading the 
parietal bone (B, C, MRI) and 
extending into the epidural 
space, as shown on the middle 
meningeal supply (D, E) 
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Fig. 7.46. A Distal maxillary artery aneurysm and B facial artery aneurysm in a pa- 
tient with cerebrofacial arteriovenous metameric syndrome (CAMS 1-2; see Chap. 9). 
(From Bhattacharya et al. 2001, with permission) 



7.3 Intradural Aneurysms 

7.3.1 Saccular Arterial Aneurysms and Associated Diseases 

7.3.1. 1 Polycystic Kidney Disease 

The association of autosomal dominant polycystic kidney disease (PKD) 
and intracranial aneurysms is classic in the adult age group and rare in 
children, despite its familial character. The recessive form combined with 
AA is exceptional. The recessive form (infantile form) involves chromo- 
some 4 (De Blasi et al. 1997). Most of the PKD discussion below concerns 
the autosomal dominant form on chromosome 16 (Fig. 7.47). 

PDK1 and PDK2 are the two recognized genes of PKD. They are located 
on chromosome 16 (the translocation of 85% of PKD, in the vicinity of 
Bourneville disease) and on chromosome 4, respectively. 

PDK is genetically heterogeneous, with two chromosomal loci account- 
ing for the disease. When the mutation is located on chromosome 16pl3.3, 
the so-called PKD1 gene, extrarenal manifestations such as the rupture of 
the ICA are common. In case of localization on chromosome 4, the PKD2 
gene, the phenotype is mild and only three case reports associated PKD2 
with AA (van Dijk et al. 1995). 

PDK1 codes a membrane protein, polycystin, with the extracellular do- 
main involved in cell-cell or cell-matrix interaction. PKD2 codes a trans- 
membrane protein, functioning as a ion channel or a pore. In specimens 
with AA, aortic dissection, and dolichoectatic arteries from 13 patients 
with PKD1, Griffin et al. (1997) demonstrated immunostaining for poly- 
cystin in arterial smooth muscle cells and myofibroblasts, along with dis- 
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Fig. 7.47. A A 13-year-old boy with recessive (chromosome 4) form of polycystic kid- 
ney disease (PKD) with liver fibrosis, diagnosed when he was 4 years old, presented 
with subarachnoid hemorrhage. Angiography showed three intracranial aneurysms: 
one basilar tip arterial aneurysm (responsible for the bleed) and a bilateral mirror- 
type aneurysm of middle cerebral artery bifurcation. B Genetic disorders of PKD are 
carried by chromosome 16 or chromosome 4 



ruption of the elastic laminae. AA in patients without PKD1 showed a 
variable degree of similar response in the same location. This suggests 
the direct role of polycystin in the development of A A in PKD1. The 
prevalence of the disease is as high as 1/400-1,000. 

PKD accounts for 2%-7% of all patients with intracranial AA (IAA), 
usually of the saccular type. 

Using magnetic resonance angiography (MRA) on 263 PKD patients, 
Houston (1993) and Ruggieri et al. (1994) found IAA prevalence to be 
5.9% in patients with a negative family history of IAA. Prevalence in- 
creased to 16% when there was a family history of IAA in these PKD pa- 
tients. In the largest and best-conducted autopsy study, unruptured AAs 
were found in 25% of PKD patients in whom the cause of death was not a 
ruptured aneurysm (Schievink et al. 1992). The most frequent location of 
IAA in PKD is supratentorial (91%), with 50% of these on the middle cere- 
bral artery (MCA). 

The frequency of AA rupture in the PKD population is about 1/2,000 
persons per year, about five times higher than the general population 
(Schievink et al. 1992). There is no sex dominance. The mean age of rup- 
ture is 41 years, with a mean of 39 years in the series of Lozano and 
Leblanc (1992) and Chauveau et al. (1994) and 47 years in the Schievink et 
al. (1992) series. This is close to the value of the familial forms of AA with- 
out PKD (43 years), but 10 years earlier than the sporadic forms (Pirson 
and Chauveau 1996). The age of PKD patients with ruptured IAA at their 
bleeding episodes ranges from 6 to 69 years (Pirson and Chauveau 1996). 
The only characteristic clearly associated with AA rupture in PKD is a 
family history of AA, which is five times more common in patients with 
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an AA rupture than in a control group without AA rupture. More than 
90% of the ruptured AAs are found in the anterior circulation and on the 
anterior cerebral artery (ACA). About 30% of PKD patients have addi- 
tional unruptured AAs. 

Maintaining euvolemia may be easier with peritoneal dialysis than with 
intermittent hemodialysis. Another advantage of peritoneal dialysis in 
this setting is that anticoagulants are not required. Rebleeding is about 5% 
within 24 h, 20% within 2 weeks and 50% within 6 months after the initial 
hemorrhage. Mortality from rebleeding is 50%. IAA rupture is the cause 
of death in about 20% of PKD patients (Schievink et al. 1992). 

Rupture of another AA occurred in 10% of patients successfully treat- 
ed by AA clipping, in two of them within the first 3 months after the op- 
eration and in four others 6-14 years later. In three out of the four late 
recurrences, the second ruptured ICA was not present (detectable) on the 
four- vessel angiography taken at the time of the first rupture (Pirson et al. 
1996). 

Fifty-four percent of patients still had normal renal function at the 
time of rupture. Twenty-six percent had normal blood pressure before 
rupture (Chauveau et al. 1994; Kaarlainen et al. 1998). Why I AAs are 
formed in PKD and why they bleed remains unexplained. The reason for 
the development of anomalies affecting the walls of other arteries is also 
unclear, such as coronary aneurysms and dissections of the descending 
aorta (Pirson and Chauveau 1996). A common mechanism leading to for- 
mation of renal cysts and cerebral aneurysm should exist, probably linked 
to the genetic disorder that has its expression in the support tissues, re- 
spectively the basal membrane and the elastic lamina (Pirson et al. 1997). 
No connection has been proven between the level of renal and/or hepatic 
failure and AA bleeding. The occurrence of bleeding in children raises the 
issue of earlier diagnosis with noninvasive exploration of intracranial ves- 
sels (angio-CT or MRA). AA rupture entails a 35%-55% risk of combined 
mortality and morbidity (Schievink et al. 1992). Of patients with PKD, 
5%-10% harbor an AA, and such figures could be as high as 22% in fam- 
ilies with previously demonstrated AA. Thus, before considering elimi- 
nating invasive angiographic techniques, the overall risk of overlooking a 
small AA that may rupture should be balanced against the morbidity of 
that rupture. In addition, it is unclear whether a demonstrated unrup- 
tured IAA carries the same risk as an SAH from an undemonstrated one. 
It seems that bleeding during follow-up in PKD patients mostly occurs 
from IAAs that had not been previously demonstrated (Chauveau et al. 
1994). Therefore, there is no evidence that screening patients with PKD 
for AA is beneficial. This is not contradictory with the benefit of screen- 
ing in familial SAH in first-degree relatives. 

PKD is one of the possible predisposing causes for AA. Its target is not 
the endothelium per se, and the young age of the patients affected demon- 
strates the limited role played by hemodynamic factors. 
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Fig. 7.48. A 30-year-old female patient presented in 1990 with a subarachnoid hem- 
orrhage (SAH) due to rupture of a right PICA aneurysm (A). This lesion was clipped; 
there was no other aneurysm detected at that time. In 1995 she presented with a new 
SAH from a previously undemonstrated AcomA aneurysm (B). An associated right 
pericallosal arterial aneurysm (AA), as well as an ectasia at the basilar tip, were also 
detected. The ruptured aneurysm was clipped but postoperative thrombosis of the 
pericallosal artery occurred. The patient at that time was diagnosed with collagen III, 
type IV Ehlers-Danlos disease. At follow-up, progressive enlargement of the basilar 
artery aneurysm was seen (C). Preventive embolization was done without complica- 
tion. (Courtesy of G. Rodesch) 



7.3.1. 2 Ehlers-Danlos Syndrome 

Ehlers-Danlos syndrome (ED) type IV is a disease of the collagen 
(Fig. 7.48). It classically affects the COL5A1 and COL5A2 genes. Vascular 
ED (type IV) was described in 1967; it involves the COL3A1 gene (Pope 
1991). Diagnosis is established on cultured fibroblasts that synthesize 
abnormal type III collagen. A mutation in the gene for the type III pro- 
collagen ( COL3A1 ) is the cause for the disease and will be transmitted as 
an autosomal dominant trait. Multiple mutations are described. However, 
there is no relation between the nature and location of the mutation on 
COL3A1 and the type of complication (phenotype). The prevalence is es- 
timated at 1/50,000 (Schievink et al. 1994). The clinical diagnosis of ED 
type IV is established on two of four criteria: thin translucent skin; arteri- 
al, intestinal, or uterine rupture; easy bruising; and facial appearance. 

The classic manifestations include recurrent bilateral spontaneous 
high-flow CCF because of rupture of the ICA at the cavernous sinus level 
(see Chap. 6, this volume). Most of the arterial ruptures involve the large 
vessels, the extradural ICA or vertebral artery (VA). The EC A is not af- 
fected. The vessel wall fragility of the arteries is considerable and explains 
the high mortality of the ruptures and the extreme danger of surgery (out 
of 69 surgical patients, 28 died during or after surgery) and endovascular 
manipulations in such patients. 

The causes of 103 deaths in ED reviewed by Pepin et al. (2000) were ar- 
terial rupture in 78, rupture of the thoracic or abdominal vessels in nine, 
and the CNS arteries (AA) in 16. The mean age of the first complication 
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was at 23.5 years and the gastrointestinal rupture occurred before the ar- 
terial rupture in most cases (Fig. 7.6). Complications were observed in 272 
out of 419 cases; 44 complications involved the CNS in 43 patients at a 
mean age of 32.8 years, similar to other familial diseases associated with 
AA. The most frequent complications involving the cephalic region were 
high-flow spontaneous CCF in ten patients (recurrent), ICA dissection in 
eight, and arterial aneurysm in seven. As any of the familial type of AA, 
the lesions are often multiple and spread out along the arterial tree in sim- 
ilar locations as berry aneurysms; they are saccular or fusiform. They are 
not confined to a single metameric location but can involve all three of 
them (Fig. 7.48) or be noncontiguous such as the AComA and PICA. 

The natural history of these AAs is unknown, but the risk of SAH in un- 
ruptured AAs will be high. Cervical locations are frequent and may in- 
volve the entire ICA, from a few millimeters beyond the bifurcation up 
to the ophthalmic artery origin. Segmental dysplastic changes can be ob- 
served on the ICA or the VA. In our experience, the rupture is located at 
the junction of the abnormal and the apparently normal segment cranial- 
ly. Sacrifice of the ruptured vessel is most often needed at the neck or skull 
base, despite the risk of recurrence on the opposite side. The danger of in- 
tracranial extension of the dissecting process following lengthy and trau- 
matic endovascular maneuvers is high. The rupture is not only a problem 
as far as hemorrhage is concerned, but it also indicates that the disease has 
reached a certain stage in its progression. Screening patients in their 30s 
for intradural AA is recommended, and careful preventive endovascular 
approaches by highly experienced teams should be offered. 

Ehlers-Danlos syndrome type IV, similar to Marfan syndrome, poly- 
cystic kidney disease, and osteogenesis imperfecta type I can be diagnosed 
following SD. But extensive studies have failed to identify any mutations 
in the gene for type III procollagen ( COL3A 1 ), the gene for type V procol- 
lagen ( COL5A1 ), or the gene for tropoelastin ( ELN) in these cases. The 
diagnosis is thus suspected on clinical investigation and familial history. 
Staining for antibody against fibrillin- 1 has been negative in these pa- 
tients (Schievink et al. 2001). 



7.3.1. 3 Neurofibromatosis Type 1 

Neurofibromatosis type I can be associated with AA, single and large or 
giant, and located extradurally on the cervical petrous ICA or cervical VA. 
Renal artery stenosis is the most common lesion associated with NF1. AAs 
are associated with occlusive disease. The diagnosis is often made follow- 
ing rupture secondary to traumatic puncture or SDs similar to Marfan, 
FMD, and ED type IV. In NF1 there is a female to male dominance of 5:1. 
The mutation involves the long-arm chromosome 17. The mutation is 
transmitted as an autosomal dominant trait; in half the cases the disease 
is caused by a new mutation. The prevalence of NF is around 1/3,000- 
5,000. The associated clinical diagnosis includes subcutaneous nodules, 
skin pigmentation, neurofibromatosis, schwannomas, gliomas, hamar- 
tomas, neurofibrosarcomas, skeletal abnormalities such as scoliosis, and 
cystic erosions. The vascular rupture often brings to attention patients 
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Fig. 7.49. Patient presenting with tuberous sclerosis complex and bilateral renal 
cysts with an unruptured intracranial internal carotid artery aneurysm (A, B). Con- 
tiguous gene syndrome TSC2 and polycystic kidney disease PKD1 on chromosome 
16pl3.3 (C). (From Chen et al. 2001, with permission) 



with the diagnosis of cervical AVFs (see Chap. 11, this volume). Review 
of 100 consecutive intracranial AA patients showed one case of NF1 
(Schievink 1997). 

Neurofibromatosis type II is located on the long arm of chromosome 
22. It may be associated with bilateral eighth cranial nerve neurinomas, 
meningiomas, and meningoceles, but vascular lesions are not part of this 
disorder. 



7.3. 1.4 Bourneville Disease 

Tuberous sclerosis complex (TSC), or so-called Bourneville disease 
(Fig. 7.49), was first described by Vogt in 1908 as a triad of clinical features: 
mental retardation, epilepsy, and adenoma sebaceum. However, the clini- 
cal expressions are variable and half of TSC patients will have normal 
intellect, one-quarter will not have epilepsy, and almost any organ in 
the body can be affected (O’Callaghan and Osborne 2000). Recent in- 
vestigation confirmed that TSC is caused by gene mutations that affect 
the migration and differentiation of neural crest cells in many organs 
and tissues, mainly involving the brain, skin, kidneys, lung, and heart 
(O’Callaghan and Osborne 2000; Hyman and Whittemore 2000). The dis- 
ease is estimated to have a birth incidence of 1 in 6,000, and more than 
70% of cases will be new mutations. Of these new mutations, it appears 
that 75% are caused by TSC2 mutations (Hyman and Whittemore 2000). 

There are two genes causing the TSC clinical phenotypes: TSC1 is found 
on the long arm of chromosome 9 and the TSC2 gene is situated on the 
short arm of chromosome 16. Brook-Carter et al. 1994 showed the locus 
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Fig. 7.50A-C. A 57-year-old male patient with known HHT1. The pre-embolization 
angiogram for pulmonary arteriovenous fistula carotid injection demonstrates mul- 
tifocal cerebral arteriovenous shunt (A) with intranidal aneurysm (B), and (C) an 
associated incidental internal carotid artery aneurysm. (Courtesy of A. Boulin and 
G. Rodesch) 



of TSC2 on the proximal side of the ADPDK type 1 ( PKD1 ) gene on chro- 
mosome 16pl3.3, only 48 base pairs of DNA from the gene for PKD1 and 
in a tail-to-tail orientation (Longa 1999). Recently several reports have 
shown clinical manifestations of PDK occurring in patients with tuberous 
sclerosis complex such as tuberous sclerosis with ICA aneurysm, multiple 
renal and liver cysts of variable size, and early onset of end-stage renal 
disease (Beltramello et al. 1999). TSC2 and PKD1 genes share a common 
location at chromosome 16pl3.3. The occurrence of TSC2 and PKD1 gene 
deletion and the overlapping of the phenotypes of TSC and ADPDK have 
been demonstrated (Hyman and Whittemore 2000). As a result of ad- 
vances in molecular genetics, the TSC2/PKD1 continuous gene syndrome 
has been illustrated in one AA case with Bourneville disease and a renal 
cyst (Chen et al. 2001) (Fig. 7.49). 

Marfan syndrome is a disease involving elastic fiber formation. It pro- 
duces ocular, skeletal, and cardiovascular abnormalities. The prevalence is 
1/10,000. It is transmitted as an autosomal dominant character even if 
30% of cases are sporadic. The mutations involve chromosome 15 encod- 
ing for fibrillin- 1 ( FBN1 ) microfibril component involved in the extracel- 
lular matrix. The usual cause of death in children is aortic or mitral insuf- 
ficiency and in young adults aortic dissection. Minor forms can survive to 
adulthood (see Vol. 3). AAs are usually large or fusiform. IAA as well as 
extradural AA can be seen. 

Pseudoxanthoma elasticum (PXE) and familial tumoral calcinosis may 
produce both large vessel dysplastic changes involving the cavernous ICA, 
as well as intradural ICA aneurysm. Adams et al. (1999) suggested an over- 
lap between these two conditions. The disease prevalence is around 
1/100,000. It is genetically heterogenous, with autosomal dominant and 
autosomal recessive types (Pope 1991). 

Hereditary hemorrhagic telangiectasia (HHT1) associations with AA 
appear fortuitous, as the disease impacts the venous system rather than 
the arterial system (Fig. 7.50). Polymorphism at a genetic variant of en- 
doglin (binding protein for TGF/Jl) appears to be involved in these AAs 
(Takenaka et al. 1999). 
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7.3.1. 5 Fibromuscular Dysplasia 

Fibromuscular dysplasia (Fig. 7.36) is characterized by multifocal dyspla- 
sia of vessel walls, involving cervical branches of the aorta, and is associ- 
ated with intracranial aneurysms. Over one-third of patients have a family 
history of certain vascular disorders (stroke, high blood pressure, mi- 
graine, impaired hearing, cerebral hemorrhages, etc.). It has been sug- 
gested that FMD is inherited as a dominant trait with reduced penetrance 
in males. 

FMD causes irregular thickening of the vessel wall from proliferation 
of smooth muscle and fibrous tissue of the media. Angiographic changes 
of fibromuscular dysplasia are found in about 15% of patients with an 
SD of the carotid or vertebral artery (Schievink et al. 2001). To a similar 
extent, AAs, including dissecting AAs, are known to be associated with 
this disease. In our experience, the importance given to FMD in females 
with AA and SAH by George et al. (1989) might be an overestimation, al- 
though it confirmed several of the observations made by Mettinger and 
Ericson (1982). There is a female to male dominance of 5.6:1, where the 
disease is transmitted as a autonomic dominant trait in the familial 
forms, 30%-50% of all FMD patients. Multiple locations are more fre- 
quent than in males with AA at the same age or females without FMD. 
The prognosis of SAH in this female group with FMD was worse, with a 
higher degree of vasospasm. Frequent locations were the ICA (AComA) 
or the VA. Renal artery involvement tends to precede involvement of the 
carotids. 

In Moyamoya disease, most AAs are false and develop on the lenticu- 
lostriate collaterals. They are often visualized at the time of a hemorrhag- 
ic episode. Some AAs can be seen on the basilar system, likely triggered by 
the shear stresses related to collateral supply from the vertebrobasilar sys- 
tem. 



7.3.2 Saccular Arterial Aneurysms Without Diagnosed Associated Diseases 
7.3.2. 1 Nonsyndromic Familial Arterial Aneurysms 

When reviewing the literature, one encounters a mixture of data that in- 
clude nonfamilial unruptured AA (FAA) series, nonfamilial SAH series, 
the familial series of AA, and the familial series of SAH. In the Western 
world, grossly two groups can be identified in the AA populations: those 
with a male dominance in Sweden and Finland (Norrgard et al. 1987) and 
the others with a female dominance (61% in Fox et al. 1982). 

In both familial and nonfamilial AA groups, ICA aneurysms are more 
frequent in females, AComA aneurysms are more frequent in males, 
and MCA aneurysms are equally distributed. The number of multiple 
aneurysms is the same in both populations (21%), although one would ex- 
pect PComA As to be more frequent in females, at least because of the pos- 
sibility of FMD. 

The incidence of SAH in Finland is more than twice that in other West- 
ern countries. 
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The incidence of FAA in SAH patients in Finland is 10% (6% of the 91 
FA As reviewed presented PKD), but the prevalence of unruptured A A 
is 2.2%-3%, similar to other countries. There is a female dominance 
(54%— 70%) in familial SAH, as assessed by the review of 137 families 
(Ronkainen et al. 1993). The SAH occurs 7-10 years younger in FAA in 
males than in non-FAA patients. Sibling pairs with AA bleed within the 
same decade. Females with SAH are 5 years older in both familial and 
nonfamilial AA groups. MCA topography is the most frequent (50%), 
preferably on the right side, with very small AA size (<6 mm) at rupture; 
80% of the AAs were between 7 and 14 mm in size in FAA (Ronkainen et 
al. 1993). The vertebrobasilar artery system accounts for 6% of the loca- 
tions, whether in FAA or in non-FAA. The classic topography in non-FAA 
is nearly equally shared by the ICA, ACA, and MCA. In 77% of FAA cases, 
there are two SAH occurrences. 

The risk of having an A A is four times higher for close relatives than for 
someone from the general population. (Ronkainen et al. 1998). First-de- 
gree relatives in FAA make up a high-risk group for AA (4.2 relative risk); 
this group will benefit from screening after the age of 30 and before 65 (ter 
Berg et al. 1992). Decreasing the risk of screening using MRA versus an- 
giography would increase the benefit only minimally, even with a 100% 
sensitivity and specificity (Dippel et al. 1992). Conversely, screening in 
families with only one affected member (relative risk, 1.8) or in the gen- 
eral population is not recommended (Ronkainen et al. 1998). 

In their review, Schievink et al. (1994d) found that over 238 FAA sib- 
lings were affected in 156 families, and parents or children in 61 families. 
This observation may focus on the screening procedures but does not tell 
us how frequently screening should be done, if one remembers that an AA 
may develop in hours, days, or weeks (Wiebers 1995). No additional ben- 
efit could be demonstrated for screening more than once (ter Berg 1992). 

In a series of 8,680 participants, Kojima et al. (1998) demonstrated a 
prevalence of asymptomatic AA in 7% of the overall group, and 10.5% in 
the group of 380 that had a family history of AA. The prevalence of asymp- 
tomatic AA in female participants was 12.3% versus 7.9% in males 
(p<0.0001). AAs were mostly located at the ICA/PComA and MCA. The 
prevalence of AA in 1 15 members of the 20 families was 33.9%. Although 
the members of 14 families with SAH showed a higher prevalence of 
ruptured and asymptomatic AA (42.1%) than the six families with only 
asymptomatic AA, the former had very low prevalence of asymptomatic 
AA; this suggests that in SAH families fewer AAs remain asymptomatic, as 
the data do not tell whether the asymptomatic AAs are those that will 
eventually bleed or if the SAH will be caused by new ones. 

Schievink (1994d), creating a model based on 73 families, showed that 
from an AA-affected male, family screening would reveal a 24% risk of AA 
for brothers and 30% for sisters; from an AA-affected female, family 
screening would reveal a 10% risk for brothers and 14% for sisters. 

The risks and benefits of screening for intracranial aneurysms in first- 
degree relatives of patients with sporadic subarachnoid hemorrhage have 
been analyzed (Raaymakers 1999). In a consecutive series of patients 
with SAH, 626 first-degree relatives were screened and 33 unruptured 
aneurysms were found in 25 of them (4% incidence, nearly twice the au- 
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topsy series, with a rate of 2.3%). Surgery in 18 increased life expectancy, 
at the expense of a decrease in function in 1 1, which was disabling in one. 
The average gain in life expectancy per person screened was 0.9 months. 
To prevent one SAH over the course of a lifetime, 149 relatives would have 
to be screened. 

Implementation of a screening program for the first-degree relatives of 
patients with sporadic SAH does not seem warranted at this time, since 
the resulting slight increase in life expectancy does not offset the risk of 
postoperative sequelae. 

The risk of rupture may be higher among persons who have non-first- 
degree relatives with AA. The rate of SAH is three to seven times higher in 
first-degree relatives of patients with sporadic SAH as compared to the 
general population. The frequency of aneurysms in their study was not 
quite twice that of the general population. This suggestion is supported by 
a recent finding that asymptomatic aneurysms are more likely to rupture 
in relatives of patients with SAH than in relatives of patients with unrup- 
tured aneurysms. 

The multiplicity is not higher in familial AA. Yet the presence of multi- 
ple lesions suggests a genetic disorder that is rarely identified. The hered- 
itary connective tissue diseases associated with intracranial AAs are esti- 
mated to occur in 5% of cases, including PKD, FMD, Marfan syndrome, 
Ehlers-Danlos disease, and pseudoxanthoma elasticum (Forbus 1930; 
George et al. 1989; Lejeune 1997). Fibromuscular dysplasia (FMD) has 
been suggested in the multifocality observed in females and involving the 
posterior division of the internal carotid artery (George et al. 1989). 



73.2.2 Multiple Saccular Arterial Aneurysms 

In a review study, Locksley (1966) found that multiple aneurysms seen at 
autopsy ranged from 18.5% to 22% of aneurysms; in the Yasargil clinical 
series (1984), multiple aneurysms represented 24% (243 patients) of cas- 
es with modern neuroimaging, slightly higher figures were found by 
Campos et al. (1998b) (Tables 7.22-7.24). 

Among 1,088 intracranial saccular lesions, Suzuki and Yoshimoto 
(1979) found 166 (15.4%) multiple AAs, with a female predominance. In 
254 consecutive cases, Wilson et al. (1989) found 44.9% of patients admit- 
ted for subarachnoid hemorrhage had multiple AAs. Females accounted 
for two-thirds of them. The incidence was higher in patients over 40 years 
of age (52.8%) than under 40 years (26.3%) (Wilson et al. 1989), yet the 
rate of newly formed AAs may be quite low after the age of 60 (Juvela 
1999). Cigarette smoking and female gender appear to be independent 
risk factors for the presence of multiple AAs, with odds ratios of 1.7 and 
2.1, respectively (Qureshi et al. 1998). The presence of multiple AAs does 
not seem to increase the risk of rupture (Juvela 1999). 

Patients with multiple intradural aneurysms present unique clinical 
challenges, particularly when presenting with SAH. Porter et al. (2001) 
reviewed a total of 147 patients with multiple intracranial saccular 
aneurysms from among 557 consecutive aneurysm cases (26.4% multi- 
plicity) in a non-Scandinavian Western population (Table 7.25). 
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Table 7.23. Type of AA and gender distribution in 398 
consecutive cases of intracranial AA (from Campos et al. 
1998b, with permission) 



Table 7.22. Multiple aneurysms (from Campos et al. 1998b, 
with permission) 



No. of patients 


No. AA/patient 


% 


74 


02 


65 


27 


03 


24 


09 


04 


8 


03 


05 


3 


Total (113) 


280 


100 



Type of AA 


No. of patients 


% 


Single berry 


228 


57.2 


Multiple berry 


113 


28.3 


Giant saccular 


38 


9.5 


Fusiform 


08 


2 


Dissecting 


07 


2 


Mycotic 


04 


1 


Total 


398 


100 




Multiple AA 


Single AA 


Male 


37 (33%) 


93 (41%) 


Female 


76 (67%) 


135 (59%) 


Total 


113(100%) 


228 (100%) 



Table 7.24. Patient age at diagnosis in 341 consecutive cases of intracranial AA (from 
Campos et al. 1998b, with permission) 



Age 


Multiple AA 




Single AA 




No. patients 


% 


No. patients 


% 


0-9 


0 


0 


04 


1.8 


10-19 


2 


1.8 


08 


3.5 


20-29 


7 


6.2 


16 


7 


30-39 


27 


24 


50 


22 


40-49 


35 


31 


64 


28 


50-59 


18 


16 


46 


20 


60-69 


18 


16 


27 


12 


70-79 


6 


5 


13 


6 


Total 


113 


100 


228 


100 



The mean age at presentation was 46.4 years (range, 12-77 years). There 
was a female dominance (68.9%). The sex distribution was not signifi- 
cantly different between patients with and without a history of SAH 
(67.7% of patients with SAH were female, compared to 73.9% with no 
such history, p= 0.55). Past medical history included hypertension in 21 
patients (17%), polycystic kidney disease in seven, Ehlers-Danlos syn- 
drome in one, and fibromuscular dysplasia in one. The average maximal 
diameter of the aneurysms was 5.4 mm (range, 2-20 mm). This was sig- 
nificantly larger for aneurysms that had bled (mean, 7.0 mm) than for un- 
ruptured aneurysms (mean, 4.7 mm) (pcO.OOl). However, the maximal 
size was less than 1 cm for 64 of the 84 aneurysms (76.2%) responsible for 
the bleed in the hemorrhagic group. The average neck size, 2.7 mm, was 
also larger for ruptured aneurysms (mean, 3.1 mm) than for unruptured 
aneurysms (mean, 2.5 mm) (p=0.001). 

In most patients presenting with SAH, the aneurysm responsible for 
the bleed could be identified with a fair degree of certainty. There was a 
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Table 7.25. Location of ruptured and unruptured aneurysms: multiple AA in 147 consecutive patients (from Porter et 
al. 2001, with permission) 


Location 


Ruptured Unruptured Total no. aneurysms Percent of all Percent 

aneurysms aneurysms at this location aneurysms 3 responsible for SAH b 


Paraophthalmic 


7 


33 


40 


13.1 


17.5 c 


Posterior communicating 


22 


28 


50 


16.4 


44.0 


Anterior choroidal 


0 


6 


6 


2.0 


0 


Carotid termination 


2 


15 


17 


5.6 


11.8 


Middle cerebral 


32 


80 


112 


36.7 


28.6 


Anterior communicating 


17 


17 


34 


11.1 


50.0 d 


Pericallosal 


2 


10 


12 


3.9 


16.7 


Posterior inferior cerebellar 


8 


2 


10 


3.3 


80.0 d 


Anterior inferior cerebellar 


0 


1 


1 


0.3 


0 


Superior cerebellar 


2 


3 


5 


1.6 


40.0 


Basilar termination 


7 


9 


16 


5.2 


43.8 


Posterior cerebral 


0 


2 


2 


0.7 


0 


Total 


99 


206 


305 


99.9 


32.5 e 



a Number of aneurysms at this location divided by total number of aneurysms. 
b Number of ruptured aneurysms divided by number of unruptured aneurysms at this location. 
c Significantly less frequently responsible for SAH (p< 0.05). 
d Significantly more frequently responsible for SAH (p< 0.05). 

e Average percentage of aneurysms responsible for SAH (total ruptured divided by total unruptured). 



trend for patients with uncertainty regarding the site of bleeding to have 
all aneurysms treated, and for cure to be obtained in a shorter time. Sur- 
gical and endovascular complication rates and patient outcomes were not 
dissimilar in the Porter et al. (2001) series from what one would expect for 
single-aneurysm patients. 

Certain aneurysm locations appear under-represented (anterior com- 
municating and posterior communicating arteries) or over-represented 
(MCA, paraophthalmic artery) relative to the distribution reported for 
aneurysms overall (Suzuki and Yoshimoto 1979; Mizoi et al. 1989; Fults 
and Kelly 1984; Wood 1964; Weir and MacDonald 1996). Other reports on 
multiple aneurysms found similar distributions to what was observed 
(Mizoi et al. 1989; Rinne et al. 1995; Pierot et al. 1997). This of course rais- 
es the question of whether patients with multiple aneurysms are a funda- 
mentally different population, with various genetic or environmental fac- 
tors predisposing to multiplicity (see Sect. 7.8). 



73.2.3 Arterial Anatomy, Single, Mirror, 
and Twin Saccular Arterial Aneurysms 

In a series of 305 saccular AAs reviewed by Porter (2001), there was a to- 
tal of 271 anterior circulation AAs (88.9%) and 34 posterior circulation 
AAs (11.1%). The most frequent location, the MCA, was more than twice 
as common as the next most frequent site, the posterior communicating 
artery (PComA). AAs of the posterior inferior cerebellar artery (PICA) 
and anterior communicating artery (AComA) were significantly more 
likely than other sites to be responsible for SAH (p=0.001 and 0.02, re- 
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spectively), while paraophthalmic lesions had a lesser propensity to ac- 
count for the SAH (p=0.03). One hundred and twenty-four patients (88%) 
had associated vascular anomalies. 

Some locations are always associated with vascular anomalies: basilar 
tip and PCA (PI) aneurysms (Figs. 7.51, 7.52) (Table 7.26). On the con- 
trary, MCA aneurysm have one of the highest rates of aneurysm location, 
with no associated vascular anomaly (Mazighi et al. 2001). 

The most frequent findings were 61 cases (43.2%) of asymmetric cau- 
dal basilar fusion, 44 cases (31.2%) of AcomA complex variations, 37 cas- 
es (26.2%) of symmetric caudal basilar fusion, 22 cases (15.6%) of 
AICA-PICA, 15 cases (10.6%) of extradural PICA, five cases (3.5%) of dor- 
sal ophthalmic artery (dOPH) (Figs. 7.53-7.57, pp. 444-447; Table 7.26). 

These anomalies are actually associated with the AA but not necessar- 
ily present on the vessel carrying the AA. The purpose of the collection of 
such variations is to suggest the presence of an embryonic event for which 
the variation behaves as a time marker. Campos (1998a) reviewed 55 basi- 
lar tip AAs among 580 consecutive AAs. 

The analysis of the anatomical disposition of the distal basilar artery in 
47 of them showed the prevalence of the caudal fusion in 91% of the cases. 
A control angiographic group of 46 cases without aneurysm in any loca- 
tion showed 69.6% caudal fusion disposition (26.1% symmetrical, 43.5% 
asymmetrical, 2.8% with unilateral absence of PI). The neck of the AA is 
preferentially implanted on the caudal part of the fusion (Fig. 7.51). Full 
knowledge of the distal basilar artery anatomy makes it possible to pre- 
dict the origin and extent of the perforating branches arising from the PI 
segment in each type of basilar tip disposition (see Vol. 1). The caudal seg- 
ment supplies unilateral structures, while the cranial segment supplies 
bilateral territories. The PComA flows caudally in caudal fusions and is 
likely to supply diencephalic-mesencephalic territories, while cranial fu- 
sion expresses a basilar contribution to the supply to the area. 



Table 7.26. Incidence of the different vascular anomalies in the AA patient popula- 
tion (from Mazighi et al. 2001, with permission) 



Vascular anomaly 


No. of patients 


% 


Asym caudal 


61 


43.2 


AComA complex 


44 


31.2 


Sym caudal 


37 


26.2 


AICA-PICA 


22 


15.6 


Extradural PICA 


15 


10.6 


dOPH 


5 


3.5 


Access MCA 


1 


0.7 


Trigeminal 


1 


0.7 


None 


17 


12 



Asym caudal, asymmetric caudal basilar fusion; AComA complex, variations of the 
anterior communicating artery complex; Sym caudal, symmetric caudal basilar fu- 
sion; AICA-PICA, anterior-inferior cerebellar artery-posterior-inferior cerebellar 
artery; extradural pica, extradural origin of the PICA; dOPH, cavernous origin of the 
ophthalmic artery origin or dorsal ophthalmic artery; Access MCA, accessory middle 
cerebral artery; Trigeminal, persistent trigeminal artery. 
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Fig. 7.51. A Basilar tip anatomy and B ruptured basilar tip aneurysm with asym- 
metrical caudal fusion. (From Campos et al. 1998a, with permission) 







Fig. 7.52. A Basilar tip arterial aneurysm (AA) with characteristic symmetrical cau- 
dal fusion. B Coiled ruptured basilar tip AA, caudal fusion. C Note the low (caudal) 
position of the coils in front of the upper pons on the venous phase 
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Fig. 7.53 A, B. Volume-rendered 3-D digital subtraction angiograms of an internal 
carotid artery aneurysm associated with migration of the ventral ophthalmic artery 
(carotid cave origin) 



Fig. 7.54. Left internal carotid 
artery (ICA) agenesis. Rup- 
tured AComA aneurysm with 
transsellar course of the ICA. 
(Courtesy of G. Freytas) 




In the single aneurysm group with a caudal fusion arrangement, there 
was a male prevalence (62.5%), whereas in the multiple aneurysm group, 
also with caudal fusion arrangements, there was a female prevalence 
(62%). 

Structural weakness of intracranial arteries combined with hemody- 
namic forces is widely believed to be the major underlying cause of AA 
(Schievink 1997; Yong-Zhong and van Alphen 1990; Sekhar and Heros 
1981; Stebhens 1989) and the currently available treatment modalities 
(surgical and endovascular) are also based on such assumptions. How- 
ever, hemodynamic shear stresses alone cannot explain the occurrence of 
AAs at various locations within the intracranial vasculature, especially at 
locations such as the MCA bifurcation (Fig. 7.58, p. 448), the origin of the 
posterior inferior cerebellar artery, etc., where such forces would be ex- 
pected to be small. Moreover, there is no satisfactory explanation for the 
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Fig. 7.55A-D. Ruptured AComA aneurysm and associated vascular anatomy. A Left 
internal carotid artery (ICA) digital angiogram, AP view. B 3-D volume-rendering 
posterior view. C Vertebral artery with asymmetrical caudal fusion. D Right ICA, A1 
agenesis 

development of multiple aneurysms, especially in a mirror-image loca- 
tion based on hemodynamic principles. 

Forty-four of the 122 patients (36%) in the Porter et al. series (2001) 
had aneurysms located in mirror positions, more than half of which 
(52.3%) were on the MCA (Figs. 7.59-7.61, pp. 449, 450). 

A multifactorial origin for intracranial AA has been put forward by 
some authors (Pia et al. 1979; Oostergard and Voldby 1983; Weir 1987). 
The segmental identity or vulnerability of arteries to certain diseases is 
established during development (Lasjaunias 2000b). Secondary muta- 
tions or triggers can then act on such a constitutional vasculopathic state 
and stimulate the overproduction of arterial wall without remodeling, re- 
sulting in aneurysm formation. That genetically based diseases express 
themselves phenotypically or clinically at a specific time during life is an 
accepted fact (Carmeliet 2000). A good example is autosomal polycystic 
kidney disease type 1 (PKD1), where the development of intracranial AA 
usually occurs nearly 10 years earlier than in the sporadic forms of AA 
(Pirson et al. 1996). 








Arterial Anatomy, Single, Mirror, and Twin Saccular Arterial Aneurysms 447 




Fig. 7.56. Ruptured AComA aneurysm associated with Ml fenestration (A) and 
duplicated channel at Cl of the vertebral artery (B) 




Fig. 7.57. A Segmental unfused basilar artery and B unruptured basilar aneurysm 
with unfused segment 
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Fig. 7.58. A Ruptured right middle cerebral artery (MCA) aneurysm associated with 
B MCA aneurysm in mirror position. C Anterior cerebral artery and D basilar tip ad- 
ditional aneurysms are demonstrated 
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Fig. 7.60. Ruptured right-sided middle cerebral artery (MCA) aneurysm (A, B) and 
a simultaneous typical mirror left MCA division AA 
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Fig. 7.61 A-C. Typical bilateral 
internal carotid artery 
aneurysm bifurcation mirror 
aneurysm associated with bi- 
lateral middle cerebral artery 
division mirror aneurysm 



Explanation of why some aneurysms occur in mirror-image locations 
can be based on the congenital metameric principle, as was postulated by 
Campos in an analysis of 113 multiple AAs compared with a group of 
single AAs (228 cases) of the same material (Campos et al. 1998b) 
(Table 7.27). 

Three longitudinal embryological territories giving rise to cranial en- 
dothelial cells and media (Couly et al. 1995) were used to regroup the 
aneurysm sites (Figs. 7.62, 7.63; Tables 7.28-7.30). 

- The prosencephalic or rostral region corresponds to the anterior circu- 
lation, as it is made up of the internal carotid system and its rostral 
branches, the posterior communicating artery, and probably the P2 
segment of the posterior cerebral artery. 

- The mesencephalic or middle region corresponds to the upper basilar 
complex composed of the PI segments, the anterior superior cerebellar 
artery (ASCA), and the basilar tip. 

- The rhombencephalic or caudal region corresponds to the caudal pos- 
terior circulation (vertebrobasilar junction), comprising the proximal 
basilar artery, the anterior-inferior cerebellar arteries (AICA),the pos- 
terior-inferior cerebellar arteries (PICA), and the intradural portion of 
the vertebral arteries. 
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Table 7.27. Incidence of the different aneurysmal loca 
tions (from Mazighi et al. 2001, with permission) 


Table 7.29. Bleeding rate of the different aneurysm loca- 
tions (from Mazighi et al. 2001, with permission) 


Arteries 


No. of % 

aneurysms 


Arteries 


No. of % 

ruptured AAs 


Middle carotid 


121 


34.2 


Middle cerebral 


26 


23.2 


Posterior communicating 


52 


14.7 


Anterior communicating 


17 


15.1 


Paraophthalmic 


50 


14.1 


Posterior communicating 


14 


12.5 


Anterior communicating 


40 


11.3 


Paraophthalmic 


7 


6.25 


Carotid termination 


20 


5.6 


Basilar tip 


7 


6.25 


Basilar tip 


18 


5 


Posterior-inferior cerebellar 


6 


5.3 


Anterior cerebral 


14 


3.9 


Carotid termination 


2 


1.7 


Posterior-inferior cerebellar 


12 


3.3 


Anterior-superior cerebellar 


2 


1.7 


Cavernous 


12 


3.3 


Anterior cerebral 


1 


0.8 


Anterior-superior cerebellar 


7 


1.9 


Unknown 


30 


26.7 


Anterior choroidal 


6 


1.6 








Posterior cerebral 


4 


1.1 









Table 7.28. Aneurysm location and associated vascular anomalies (%; from Mazighi et al. 2001, with permission) 





Asym 

Caudal 


AComA 

Complex 


Sym caudal 


AICA 

PICA 


Extra dural dOPH 
PICA 


None 


Middle cerebral 


42.9 


28 


22.3 


14 


86.6 


1.6 


18.1 


Anterior communicating 


42.5 


47.5 


25 


15 


20 


2.5 


10 


Posterior communicating 


42.3 


21.1 


21.1 


17.3 


60 


3.8 


7.6 


Paraophthalmic 


46 


22 


30 


16 


13.3 


6 


12 


Basilar tip 


44 


16.6 


44 


16.6 


33.3 


5.5 


0 


Posterior-inferior cerebellar 


58.3 


16.6 


16.6 


25 


6.6 


0 


16.6 


Carotid termination 


20 


40 


20 


10 


33.3 


0 


6 


Anterior-superior cerebellar 


85.7 


57.1 


0 


0 


0 


0 


42.8 


Posterior cerebral 


100 


25 


0 


25 


0 


0 


0 



Asym caudal, asymmetric caudal basilar fusion; AComA complex, variations of the anterior communicating artery com- 
plex; Sym caudal, symmetric caudal basilar fusion; AICA-PICA, anterior-inferior cerebellar artery-posterior-inferior 
cerebellar artery; Extradural PICA, extradural origin of the PICA; dOPH, cavernous origin of the ophthalmic artery ori- 
gin or dorsal ophthalmic artery. 



Table 7.30. Vascular anomalies and ruptured aneurysm location (Mazighi 2001) 



Vascular anomalies 


MCA 


PComA 


Paraophth 


AComA 


Car term 


Bas tip 


PICA 


SCA 


PCA 


Asym caudal 


23% 


14.7% 


5% 


10% 


0% 


1.6% 


5% 


1.6% 


0% 


AComA complex 


20% 


11% 


4.5% 


25% 


4.5% 


2.2% 


4.5% 


0% 


0% 


Sym caudal 


13.5% 


10.8% 


2.7% 


13.5% 


0% 


8.1% 


0% 


0% 


0% 


AICA-PICA 


13.6% 


9% 


13.6% 


9% 


0% 


4.5% 


13.6% 


0% 


0% 


Extradural PICA 


13.3% 


16.6% 


0% 


6.6% 


0% 


13.3% 


0% 


0% 


0% 


dOPH 


0% 


0% 


20% 


20% 


0% 


0% 


0% 


0% 


0% 



MCA, middle cerebral artery; AComA, anterior communicating artery; PComA, posterior communicating artery; Bas 
tip, basilar tip; Paraophth, paraophthalmic; Car term; carotid termination; PICA, posterior-inferior cerebellar artery; 
ASCA, anterior-superior cerebellar artery; PCA, posterior cerebral artery; Asym caudal, asymmetric caudal basilar fu- 
sion; AComA complex, variations of the anterior communicating artery complex; Sym caudal, symmetric caudal basilar 
fusion; AICA-PICA, anterior-inferior cerebellar artery-postero-inferior cerebellar artery; Extradural PICA, extradural 
origin of the PICA; dOPH, cavernous origin of the ophthalmic artery origin or dorsal ophthalmic artery. 
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Fig. 7.62. Representation of the three main areas of origin of endothelial cells (A, B, 
C). The asterisks point to the usual locations for arterial aneurysm development and 
their embryonic significance: 1, AComA; 2, ICA ophthalmic (ventral ophthalmic 
OPH); 3, AChA-PCA anastomoses; 4, basilar tip (ICA posterior division fusion); 
5, basilar artery (long neural fusion); 6, PICA origin (hypoglossal); 7, upper basilar 
(trigeminal). (From Campos et al. 1998b, with permission) 

Eighty-four cases harbored multiple aneurysms in the rostral region 
(74%), 20 cases presented with aneurysms involving rostral and middle 
territories (18%), one case with aneurysms involving the middle and cau- 
dal territories (0.9%), five cases with aneurysms in the rostral and caudal 
territories (4.4%), and three cases with aneurysms involving rostral, me- 
dial, and caudal territories at the same time (2.7%). None of the multiple 
group was located in the middle or caudal territories alone. If several ar- 
terial territories were involved they were found to be adjacent in 95.6% 
(Table 7.28) (Campos et al. 1998a). 

Multiple AAs could therefore result from mesodermal/neural crest 
stem cell or focal endothelial cell defects within one or two (usually con- 
secutive) embryonic segments. Mirror lesions would correspond to the 
impairment of a group of cells with bilateral distribution. Their symmet- 
rical location therefore reflects their single origin, making them twin AAs 
rather than mirror AAs. Over time, the weak characteristics shared by the 
two groups of cells will be triggered and subsequently lead to the devel- 
opment of a grossly identical lesion (Tables 7.31-7.33). A peculiar associ- 
ation of basilar tip AA was recently reported by Porter (2001) in homozy- 
gotic twins (Fig. 7.64). 
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Fig. 7.63. Multiple arterial 
aneurysms shown in a vascular 
specimen of a neonate. Note the 
symmetrical caudal fusion of 
the basilar artery 




Table 7.31. Multiple AA patients (32/113): mirror aneu- 
rysm location 





No. of 
patients 


Multiple 
AAs (%) 


MCA 


18 


16 


OPH 


06 


5.3 


Pcom 


06 


5.3 


Carotid siphon 


01 


0.9 


Bifurc ICA 


01 


0.9 


Total 


32 


28% 



MCA, middle cerebral artery; OPH, ophthalmic; Pcom, 
posterior communicating; Bifurc ICA, bifurcation of inter- 
nal carotid artery. 



Table 7.32. 113 Multiple aneurysm patients: location 
(from Campos et al. 1998b, with permission) 





No. of 
patients 


Multiple 
AAs (%) 


Rostral region 


84 


74 


Rostral + middle region 


20 


18 


Middle + caudal region 


01 


0.9 


Rostral + caudal region 


05 


4.4 


Rostral + middle + caudal 


03 


2.7 


Total 


113 


100 



Table 7.33. Single saccular AA patients (228): location 
(from Campos et al. 1998b, with permission) 





No. of patients 


Saccular AAs (%) 


Rostral region 


187 


82 


Middle region 


29 


13 


Caudal region 


12 


05 


Total 


228 


100 
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Fig. 7.64A, B. Basilar artery aneurysm demonstrated in homozygotic female twins 
following subarachnoid hemorrhage in one of them. (From Porter et al. 2001, with 
permission) 



7.4 Intradural Artery Dissections 

Intradural spontaneous dissections (SDs) are different from cervical or 
extradural SDs, although they may be associated with the same underly- 
ing diseases (Figs. 7.6, 7.65). Most reports in the literature are Japanese 
contributions and describe different groups of patients and diseases com- 
pared to SDs occurring in Western populations, which, with the exception 
of children, are mostly extracranial in location (see Vol. 3). 

Stehbens (1963), in his review, reported the location of SDs to be in the 
MCA in 41% of cases, vertebrobasilar artery (VBA) in 23%, internal 
carotid artery (ICA) in 21%, anterior cerebral artery (ACA) in 13%, and 
others in 2% of cases. In 82% of cases, the dissection was subintimal. Most 
of these cases were not associated with subarachnoid hemorrhage (SAH). 
Trauma (Figs. 7.66, 7.67) and syphilis were among the multiple suspected 
etiologies, with syphilis suspected of accounting for 60% cases occurring 
prior to 1950 (Berger and Wilson 1984). Some stroke syndromes associat- 
ed with intraluminal clot may be caused by focal dysplastic changes or 
localized dissections, as can be seen in the posterior fossa. 

This description illustrates how difficult it is to distinguish which as- 
pect belongs to a repair process, the effects produced by the triggers, the 
agent if it is morphologically expressed, or the vessel wall disease. Yama- 
ura et al. (1990) emphasized the rarity of the syndrome as well as the un- 
derestimation of SAH compared to intracranial SD. The subadventitial 
hemorrhage from SD, while associated with SAH, showed multiple non- 
contiguous areas of intramural hemorrhage and new capillaries in and 
around the arterial wall (Endo et al. 1993) (Fig. 7.12). In all cases that could 
be examined pathologically, there was a dissection between the media and 
the adventitia, with a rupture site at the level of the adventitia (Fig. 7.68). 






Intradural Artery Dissections 455 




Fig.7.65A-F. A 10-year-old girl 
with family history of ED IV. 
Sudden onset of headache 
without neurological deficit. 
Repeated headache over a 
3-month period. A-C On MRI 
examination, presence of 
thrombosed arterial pouch 
with surrounding edema- 
tous reaction. D, E At angio- 
graphy, presence of fusiform 
aneurysms. The presence 
of a second ectasia is in favor 
of multifocal (or systemic) 
dysplastic disease with acute 
repeated dissections. Note the 
stagnation of contrast on the 
angiography examination (F). 
(Courtesy of G. Rodesch) 
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Fig. 7.66. A patient who was 
referred 2 years after hemor- 
rhagic complication during 
third ventriculostomy (A); a 
posttraumatic dissecting 
aneurysm was demonstrated 
(B) and embolized with coils 
(even though healed dissecting 
arterial aneurysms usually do 
not rupture at long-term fol- 
low-up). Follow-up angiogram 
1 year after uneventful endo- 
vascular treatment shows stable 
exclusion of the aneurysm (C) 



In one case, the internal elastica lamina (IEL) was disrupted and demon- 
strated degenerative changes of the media due to atherosclerosis 
(Fig. 7.69); neovascularization and subadventitial dissecting hemorrhage 
at the site of rupture of the upper basilar artery was noted. Seventeen cas- 
es had a disruption of the entire arterial wall, and in three cases there was 
no luminal connection apparent. In his second case, a fusiform dissect- 
ing AA of the VA distal to the origin of PICA was noted (Figs. 7.70, 7.71, 
p. 459). There was no double lumen and no evidence of atherosclerosis. 

The wall of intracranial arteries is thin compared to similar size arter- 
ies elsewhere in the body. The absence of IEL makes the site of the intra- 
mural hemorrhages as well as its consequences different. The vertebral 
arterial wall changes its structure as it pierces the dura. Therefore, in- 
tracranial dissections should be separated from cervical and peripheral 
ones. Intradural dissections of Ml (Fig. 7.69), or the basilar artery may, in 
addition to being associated with occlusion of perforators, cause ischemia 
in the territories involved (Figs. 7.72, 7.73, pp. 460-462). 

Dissection between the media and adventitia with rupture into the 
subarachnoid space is a universal finding. The outlet of dissection is 
thought to be a disrupted site of the adventitia (Fig. 7.68). Sasaki et al. 
(1991) suggested that the dissection initially occurs between the intima 
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Fig. 7.67 A-D. Severe maxillofacial trauma. Multiple hemorrhages in the brain and 
different meningeal compartments. Complex skull base fracture with direct injury of 
the AcomA from traumatic dissection 
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Fig. 7.68A-D. Schematic representation of dissecting processes of the intradural 
arteries. A Normal aspect; B mural hematomas, parent artery stenosis, ostial nar- 
rowing, and vessel diameter widening with the ruptures; C subadventitial rupture 
and unruptured dissecting aneurysm; D vessel wall disruption 
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Fig. 7.69. A-C Ruptured mid- 
dle cerebral artery dissecting 
aneurysm. Note the fusiform 
aspect and the narrowed seg- 
ments adjacent to the aneu- 
rysm. D, E Endoluminal flap 
involving the Ml segment and 
atheromatous disease of the 
basilar artery and right verte- 
bral artery 
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Fig. 7.70A, B. Subarachnoid hemorrhage with ruptured fusiform dissecting in- 
tradural vertebral artery ( VA) aneurysm; (A) angiogram and (B) surgical view before 
wrapping. VA was subsequently occluded at Cl, with favorable clinical outcome. 
(From Reyes 2001, with permission) 




Fig. 7.71A-C. Subarachnoid hemorrhage with intradural vertebral artery (VA) dis- 
secting aneurysm. A, B Angiographic aspect with extradural origin of the posterior 
inferior cerebellar artery (PICA). C Sacrifice of the intradural VA distal to PICA, 
proximal to the vertebrobasilar junction. The coils are placed across the dissection; 
note the loose packing 



and the media and subsequently all the arterial wall layers are destroyed 
and SAH develops. In dissections with SAH and without lumen commu- 
nication, Yonas et al. (1977) proposed that rupture of vasa vasorum or 
rupture of new vessels formed in response to medial ischemia and necro- 
sis would be responsible. The vasa vasorum are not present in all in- 
tradural arteries but they are found in the vertebrobasilar system and 
ICA. They are normally absent or rarely observed in the ACA or MCA. As- 
sociated atheromatous disease increases the presence of vasa vasorum of 
the intradural arteries (see Vol. 1) (Fig. 7.69). One can see associated giant 
partially thrombosed aortic AAs with large partially thrombosed in- 
tradural AAs (Fig. 7.87); both are likely to correspond to mural vasa vaso- 
rum ruptured in association with atheromatous disease (Fig. 7.74, p. 463). 
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Fig. 7.72A-J. A 16-year-old female patient presented with progressive right-sided ► 
deficit without headaches. A MRI shows a deep-seated stroke in relation to a fusiform 
arterial aneurysm (AA), as seen on MRA (B) and angiography (C, D). Occlusion of 
cortical arteries and the aspect on endoscopic view (E, F) favor the diagnosis of em- 
bolic events. Occlusion of cortical arteries and the aspect on 3-D (E, F) and endo- 
scopic (G, H) views favor the diagnosis of embolic events from a partially throm- 
bosed AA. Dissection is suspected. During the subsequent 3 weeks, she recovered 
from her stroke while on antiplatelet therapy. She was scheduled 2 weeks later for Ml 
occlusion with STA-MCA anastomosis, but 1 week before her admission for such 
treatment, she presented with subarachnoid hemorrhage (I, J) and a GCS of 3. The 
AA was probably an unruptured fusiform AA that continued to dissect initially in- 
volving Ml perforators and subsequently extending into the subarachnoid space. 

E-J see p. 461 
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Fig. 7.72E-J. Legend see p. 460 
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Fig. 7.73A-C. A 16-year-old 
male patient presented with 
right-sided weakness and left 
ophthalmoplegia. A, B Mid- 
brain infarct (arrow). Evidence 
of a dissecting PI posterior 
cerebral artery aneurysm 
(small arrow) well demonstrat- 
ed on the vertebral angiogram 
(C). Anticoagulation treatment 
for 6 months resulted in com- 
plete clinical recovery with 
aneurysm healing 



Rupture of the mural hematoma into the lumen of the artery may lead 
to the typical double lumen that is often seen extradurally but rarely 
demonstrated intradurally. More often they turn out to be recanalization 
of a proximally occluded segment (distal ICA or Ml segment in children 
or young adults) (Fig. 7.75). 

The primary cause for the dissection is unknown but includes infec- 
tion, ischemia, and minimal mechanical constraints. They classically oc- 
cur in patients in their fifth or sixth decade. A history of hypertension is 
equally present in the SD with and without SAH and occurs in less than 
one-quarter of cases. 

In Kitana’s review (1994) of 24 cases, 16 presented with SAH while eight 
were diagnosed as intracranial SD without SAH. In the group with SAH, 
14 had aneurysmal dilatation in association with proximal or distal nar- 
rowing (pearl and string sign), while the remaining two demonstrated AA 
only. Three dissections involved the PICA, two were proximal to its origin, 
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Fig. 7.74A-D. A 72-year-old female patient with progressive ptosis and mild 
headaches. A MRI shows subacute dissecting aneurysm of the upper basilar artery, 
confirmed on angiography (B) located between PI and the anterior superior cere- 
bellar artery (C-D) 



16 were distal. Two VA dissections extended to the basilar trunk, whereas 
the basilar artery (BA) was not involved in any of the SDs with SAH. 

The dissection of a PICA without involvement of the VA is rare (Na- 
gahiro et al. 1993). Piske et al. (1998) found nine cases in the literature, four 
revealed by SAH, while the others suffered ischemic strokes. Shinoda et al. 
(1998) reported bilateral PICA dissections without VA impairment 
(Figs. 7.75-7.77) following rehemorrhage in one case, which was con- 
firmed at autopsy. The topography of these lesions indicates the potential 
multifocal nature of the process (while sparing the VA in some instances). 
The literature on clinical (Kitana 1994; Nagahiro et al. 1997) and autopsy 
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C D 



Fig. 7.75A-H. A 5-year-old boy with rapidly progressive paraparetic syndrome. 
Minor trauma. NF1 in the mother, factor XII deficit in the mother’s sister. A, B Poste- 
rior fossa strokes caused by spontaneous dissection (C, D) of a duplicated intradural 
vertebral artery (E, F). E-H see p. 465 



series (Endo et al. 1993) with SAH report nearly a 3:1 male dominance. 
Such figures are in contrast with most of the disorders known to be asso- 
ciated with dissections and SAH, where a strong female dominance is usu- 
ally noted, even autosomal familial disorders such as FMD. 

The diagnosis of a true dissection is challenging and has been con- 
firmed at angiography in relatively few cases in comparison to the actual 
number of cases where it probably occurred. Angiographic criteria for SD 
are the stagnation of the contrast in the AA pouch (Figs. 7.65, 7.78, 7.79), 
the presence of stenotic segments proximal and/or distal to the ectasia, 
and a more fusiform appearance, except when it involves the PICA origin 
(Fig. 7.79). 

MRI can sometimes demonstrate increased signal intensity on Tl- 
weighted images, indicating the intramural hematoma (Fig. 7.74, 
7.78-7.80). The images are well known and particularly eloquent in the 
cervical SD, with or without AA (Sellier et al. 1983; Brugieres et al. 1989). 
On contrast-enhanced MR, most cases show thick ring-like or railroad- 
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Fig. 7.75 ( continued ). E, F Duplicated intradural vertebral artery. G, H Six months lat- 
er, conservative treatment resulted in excellent clinical outcome; however, aneurys- 
mal aspect of the healing process at the lower mid third of the basilar artery was 
demonstrated 



like enhancement that includes the entire vessel wall with a central or ec- 
centric signal flow void. In other instances, the mural bulge enhancement 
is focal. The enhancement is thought to correspond to increased perme- 
ability of contrast material from the dissected false lumen to the vessel 
wall. The thick and dense enhancement disappears at approximately the 
same time as the dissecting AA disappears on the angiograms (Nagahiro 
et al. 1997) (Figs. 7.74, 7.79, 7.81). 
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Fig. 7.76. A Frontal and B later- 
al vertebral angiogram. Non- 
hemorrhagic acute medullary 
syndrome. Angiography 
demonstrates a dissecting arte- 
rial aneurysm (AA) involving a 
suspected distal vertebral ar- 
tery dysplasia. Note the arterial 
narrowing proximal and distal 
to the neck of the dissecting AA 





Fig. 7.77 A-C. Subarachnoid 
hemorrhage with distal dissect- 
ing posterior inferior cerebellar 
artery aneurysm. A Angiogram 
at the acute stage. B, C Angio- 
grams 3 months later showing 
partial repair 
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Fig. 7.78. Trigeminal subacute dissecting arterial aneurysm (AA) with enhanced 
lumen (A) and stagnation of contrast within the AA on the angiographic examina- 
tion (B) 



Fig. 7.79. A, B Parasagittal and 
frontal MRI sections, C lateral 
internal carotid artery, and 
D lateral vertebral artery an- 
giogram. Fusiform dissecting 
P2 posterior cerebral artery 
(PCA) aneurysm with left PCA 
territory infarction because of 
insufficient retrograde opacifi- 
cation of the PCA branches 
from the middle cerebral artery 
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Fig. 7.80A-D. A 31-year-old man presented with headaches and nausea. MRI (A, B) 
demonstrates a fusiform dissecting P2 posterior cerebral artery (PCA) aneurysm 
confirmed at angiography (C). Treatment consisted of distal coil occlusion (D); ex- 
cellent visual tolerance through anterior choroidal-PCA anastomoses and exclusion 
of the aneurysm on long-term follow-up (not shown) 



Repeated episodes of ischemia or hemorrhage (24% in the Yamaura et 
al. ( 1990) series within 17 days after the initial ictus) can be observed in the 
progression of the dissection (Figs. 7.72, 7.75), as well as spontaneous heal- 
ing (Pozzati et al. 1991; Piske et al. 1998) (Figs. 7.77, 7.82-7.84). Rehemor- 
rhage tends to occur early; otherwise healing will likely occur. Recurrence 
of clinically symptomatic dissection, months or years after spontaneous 
healing or following treatment, has not occurred in our experience. Yet 
over time, repeated subclinical dissections are likely to produce large par- 
tially thrombosed mural AAs, eventually becoming giant in size following 
recurrent dissecting episodes. The exact risk of rupture from these suba- 
cute or chronic dissections with moderate to large AAs is unknown 
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Fig. 7.81. A, B MRI and C ICA 
angiogram in an 83-year-old 
female patient who presented 
with right facial pain in the 
trigeminal distribution caused 
by a P1-P2 junction dissecting 
arterial aneurysm 

(Figs. 7.74, 7.85). They are often included in the group of partially throm- 
bosed AAs less than 25 mm in diameter. Their shape can be either saccu- 
lar or fusiform. 

Simple hemodynamic changes (Aymard et al. 1989) or proximal sacri- 
fice of the VA at the extradural level (if well tolerated during functional 
testing) is often sufficient to resolve the dissection (Figs. 7.71, 7.80, 7.86). 
However, in some instances, despite appropriate flow changes, the dissec- 
tion seems to remain active and may be responsible for early SAH recur- 
rence (Kitana 1994). The SD resulting from a biological phenomenon, 
which may create communication between the wall hematoma and the 
vessel lumen, will continue to remain active despite the occlusion of the 
vessel (with balloon or coil) or the exclusion of the vessel lumen from the 
dissection (using a stent). The multifocality (including bilateral lesions) of 
the mural hemorrhages noted by Endo et al. (1993) and the cases report- 
ed by Piske et al. (1998) and Kominami et al. (1996) may account for early 
rebleeding, despite what appears to be appropriate treatment (Miiller- 
Forell and Bohl 1999). 
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Fig. 7.82A-G. A 7-year-old boy with unremarkable personal and family history pre- 
sented with headaches and vomiting following head injury. Persistence of the symp- 
toms led to CT (A), MRI (B, C) and MRA (D), which show a partially thrombosed gi- 
ant middle cerebral artery (MCA) aneurysm without subarachnoid hemorrhage. The 
lesion was felt to be unrelated to the trauma. Neurological examination was normal. 
Four days later, angiography (E, F) shows complete thrombosis of the aneurysm, 
which was also confirmed by MRA (G). G see p. 471 
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Fig. 7.82 ( continued ). There is evidence of MCA temporal branch occlusion with fo- 
cal narrowing, as shown from the frontal internal carotid artery projection and the 
collateral circulation around the temporal lobe on the vertebral injection, suggesting 
a spontaneously repaired MCA branch dissection 




Fig. 7.83A-C. Subarachnoid 
hemorrhage with distal basilar 
artery (BA) aneurysm. A An- 
giogram at the acute stage. Fo- 
cal narrowing on the BA and 
anterior superior cerebellar 
artery suggested dissection. B, 
C Partial thrombosis at 1 week 
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Fig. 7.85A-S. A 57-year-old male patient presented with transient intranuclear oph- 
thalmoplegia. A-D CT evidence of subacute dissecting aneurysm of the upper basi- 
lar artery (BA) with mural calcifications. E-S see pp. 473-475 
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Fig. 7.85 ( continued ). E-H MRA and MRI demonstrate subacute dissecting aneu- 
rysm of the upper BA. I-K Contrast-enhanced MRI shows the persistent lumen. Mes- 
encephalic perforators may have been included in the dissection or the progression 
of subadventitial dissection and may be responsible for minimal increasing mass ef- 
fect. L-S see pp. 474, 475 
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Fig. 7.85 ( continued ). L-N Three-dimensional angiography with surface, volume 
rendering, and electronic dissection shows the involvement of all PI and anterior su- 
perior cerebellar arteries in the remaining cavity. O-S see p. 475 
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Fig. 7.85 ( continued ). O-S Endoscopic views (see position of endoscopic views on S) 
confirm the intrasaccular opening of both superior cerebellar and PI arteries. The 
patient was placed on antiplatelet treatment and remained stable on follow-up 
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Fig. 7.86A-C. Subarachnoid 
hemorrhage with intradural 
ruptured dissecting arterial 
aneurysm. A Right vertebral 
artery angiogram. B Surface 
rendering. C Balloon sacrifice 
proximal to the site of dissec- 
tion. The patient progressed 
favorably 



Multiple treatment approaches have been used: proximal occlusion, 
trapping, wrapping, and stenting with or without coiling (see Chap. 1, this 
volume). The most common complication of direct surgery has been low- 
er cranial nerve paralysis involving cranial nerves IX, X, and XI. In addi- 
tion, medullary syndromes may result, related to the technique used, the 
specific vascular anatomy involved, or as a result of the extension of the 
dissection. According to Takenaka (1994), the narrowing distal to the ec- 
tasia, regardless of its appearance, is to be considered the very end of the 
dissected portion. Packing of coils into the dissection AA’s false lumen or 
angioplasty of the narrowed vessel lumen is, in our opinion, very danger- 
ous and should be avoided. Stenting of the dissected segment, sacrifice of 
the dissected segment using coils, or proximal sacrifice of the vessel with 
balloons or coils resulting in flow reversal is preferable to the morbidity 
related to the direct surgical approach. The possibility of multifocal areas 
of mural hemorrhage, local persistence of the dissecting process or in an- 
other location, or the presence of a collagen disease should be considered. 
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Table 7.34. Mural diseases and dissections 



Acute 




Idiopathic (Fig. 7.73) 



Traumatic 




Dysplastic 




Inflammatory (Fig. 7.1 15) 
Immune 



Infectious (Fig. 7.109) 
Proliferatives (Fig. 7.125) 



Endoluminal (Fig. 7.17) 

Abluminal (Fig. 7.14) 

Segmental focal (VA, ICA, ...) (Fig. 7.70) 
Multifocal and bilateral (VA, ICA, etc.) (Fig. 7.18) 
Systemic (ED, IV, etc.) (Fig. 7.6) 



Acquired deficit (Fig. 7.111) 

Familial or innate deficit (Fig. 7.113) 



Subacute 



Chronic 




Focal partially thrombosed 
Calcified wall and lumen 




Atheromatous 




Focal (Fig. 7.87) 
Multifocal (Fig. 7.105) 



Focalgiantpartially or completely thrombosed 
Abluminal and adventitial proliferation 




Saccular (Fig. 7.74) 
Fusiform (Fig. 7.72) 

Saccular (Fig. 7.101) 
Fusiform (Fig. 7.80) 



Table 7.35. Arterial dissections: clinical complications 



Stenosis 



With hemodynamic accident (cortical) Fig. 7.79 
With perforating artery occlusion (deep stroke) Fig. 7.73 



Arterial dissection 
with mural 
hematoma (medial 
or sub-adventitial) 




With adventitial rupture focal hemorrhage Fig. 7.68C 



With intraluminal rupture 

- dissecting aneurysm (with or without SAH) Fig. 7.65 

- double lumen clotting and emboli (multifocal 
distal strokes) Fig. 7.72 



Complete occlusion With or without hemodynamic or embolic stroke Fig. 7.96 



Dissection, as a process, may generate a wide range of intradural AA 
types, reflecting the variable impact of extrinsic factors (infectious, 
immune, stress, etc.), the intrinsic structural weakness, and persistent 
extrinsic triggering factors combined in the vague group of risk factors, 
microtrauma, etc. (Table 7.34). Depending on the area of involvement, 
the dissection of the vessel wall will produce various clinical presenta- 
tions (Table 7.35). A better understanding of their repair capabilities 
(Table 7.36) will lead to an improved understanding of the natural history 
of this group of AAs. 
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Table 7.36. Aneurysms resulting from dissection process; types are related to Mizu- 
tani’s classification (1999) 



Dissection from mural hematoma 




Internal elastic lamina 
Disruption 



Aneurymal rupture 
(type IV) (type I) 
Fig. 7.65 



Thrombus formation 
clotting and embolism 
(type I) 

Fig. 7.104 



Insufficient or absent repair 
persisting aneurysm 
Early II rupture 
Fig. 7.72 



-> Intimal thickening 
Repair 



No clotting 
Persistent enlarged lumen 
(healed) (type II) 

Fig. 7.93 



Recurrent dissecting episodes. 
Growing size, (type III) Fig. 7.85 
Mural and endoluminal thrombi, 
calcifications 

Complete exclusion from circulation 
Adventitial angiogenesis; 

Vasa vasorum II rupture (type IV) 
Fig. 7.84 



7.5 Intradural Giant Saccular 
and Nonsaccular Arterial Aneurysms 

7.5.1 General Remarks 

Without histology, the classification of a giant saccular or nonsaccular 
aneurysm is often speculative. The presentation with symptoms of mass 
effect, the findings at surgery (calcification), and the clinical progress of 
the aneurysm suggest either an atheromatous aneurysm (Fig. 7.87) or a 
dolichoectatic-type giant aneurysm, as classified by Mizutani et al. (1999). 
Saccular so-called giant aneurysms tend to develop away from arterial 
branching. 

The dolichoectatic-type aneurysms described by the Mizutani et al. 
classification involved the basilar artery, were fusiform and tortuous, and 
contained thrombus (Fig. 7.88). There was no evidence of atheromatous 
change in the aneurysms in their series. In the past, some authors sug- 
gested that fusiform aneurysms were atherosclerotic in origin. However, 
pathogenetic factors unrelated to atheroscleroses have been implicated. 
The study consisted of 85 patients with nonatherosclerotic cerebral 
aneurysms, unrelated to the branching zones (Mizutani et al. 1999). The 
mean age of the 85 patients (50 men and 35 women) at the time of initial 
diagnosis was 55.4 years. Of the 85 aneurysms, 80 were located in the ver- 
tebrobasilar system, and the other five aneurysms were located in the an- 
terior circulation. This male dominance was also observed in serpentine 
AA (Anshun et al. 2000). 
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Fig. 7.87. Incidental finding 
of a partially thrombosed 
AcomA aneurysm (B) in 75- 
year-old woman with an aortic 
aneurysm (A). This situation 
can also be described as multi- 
focal subacute or chronic 
dissecting aneurysm during 
the course of atheromatous dis- 
ease. (Courtesy of M. Soder- 
man) 





Fig. 7.88A, B. Giant partially 
thrombosed basilar tip arterial 
aneurysm 





This dolichoectatic type of aneurysm grows by a process of repeat- 
ed intramural hemorrhages, as observed with the so-called dissecting 
AA (Fig. 7.89). As expressed 20 years earlier by Schubiger et al. (1980, 
1987), Mizutani et al. use the dissecting process to explain the subacute 
and chronic changes leading to giant AA, as outlined in their classifica- 
tion: 

Type 1: Classic dissecting aneurysm (acute) 

Classic dissecting aneurysm (Figs. 7.70, 7.72, 7.86, 7.90). Wide- 
spread disruption of the internal elastic lamina (IEL) is observed 
at the mid portion of the aneurysm without intimal thickening 
and fragile adventitia. Many of the aneurysms have an irregular 
stenotic portion near the proximal or distal end. Forty-two 
(64.6%) of the 65 patients experienced bleeding, 19 of them on 
day 0. Of the 23 deaths reported, 22 were attributed to rebleeding. 
Fresh thrombus was formed between the media and adventitia 
near the end of the aneurysm. 
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Fig. 7.89 A-F. Recurrent subacute arterial dissection leading to partially thrombosed 
arterial aneurysm of enlarging size. 1 , lumen; 2, thrombosis; 3 , capsule; 4 , hypervas- 
cularization; 5, neo-vasa vasorum rupture; 6 , fresh clot; 7, recurrent bleed; 8 , cres- 
cent-shaped fresh clot. (From Schubiger et al. 1987, with permission) 
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Fig. 7.90A-D. A 23-year-old female patient presented with sudden onset of headaches 
related to severe subarachnoid hemorrhage (HH4, Glasgow 5). A Three-dimensional 
internal carotid artery angiogram. B-D Two-dimensional angiogram in lateral view 
demonstrates a large acute fusiform dissecting arterial aneurysm involving M2 with 
delayed opacification of the middle cerebral artery branches 



Type 2: Segmental ectasia 

All aneurysms of the series were asymptomatic and incidentally 
discovered (Figs. 7.91-7.94). They were larger in size than the 
type 1 aneurysms. Most aneurysms were located on the verte- 
brobasilar tree, and two involved the anterior circulation. Neither 
angiography nor MRI revealed thrombus formation within the 
lumen. No significant progression was noted over time. Moder- 
ately thickened intima was noted. These AAs likely correspond to 
a healed subclinical dissection. 

Type 3: Dolichoectatic dissecting aneurysm 

All aneurysms were located on the basilar artery. Luminal throm- 
bus or development of an intimal flap was seen. All patients had 
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Fig. 7.91. Segmental basilar 
dolichodysplasia without ecta- 
sia located distal to the origin 
of the trigeminal artery. (Cour- 
tesy of T. Hyogo) 



symptoms such as cranial nerve palsy, hydrocephalus, or brain- 
stem dysfunction by mass effect. Three-quarters of the aneurysms 
progressively enlarged to a giant size. Over one-third of patients 
died of fatal SAH, and one died of brain stem dysfunction. Multi- 
ple dissections of the thickened intima were noted. This appear- 
ance suggested a failed yet attempted healing process. 

Type 4: Saccular aneurysm (blister) arising from the arterial trunk, with 
or without fusiform ectasia 

Saccular aneurysms away from arterial branching locations and 
presenting with SAH (Fig. 7.94). They were located on type 2 
fusiform aneurysms in the anterior circulation in 75% of cases. 
One-fourth arose from a left vertebral artery of normal caliber. 
Three patients died of fatal SAH. Minimally disrupted IEL with- 
out adjacent intimal thickening was noted. No pseudolumen 
or organized thrombus could be detected. These mimic the so- 
called blebs, or blister-like aneurysms easily demonstrated on 3- 
D angiography (Fig. 7. 135). It has been argued that the aneurysms 
arising from the dorsal wall of the internal carotid artery may be 
dissecting aneurysms (Satoh et al. 1993) (Fig. 7.95). Blister-like 
aneurysms (Ishikawa 1997) might also be included as type 4 
aneurysms. 
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Fig. 7.92. A, B Intradural 
dolichoectatic C7 internal 
carotid artery segment. 

C Similar disposition in a 
different patient. (Courtesy 
of M. Castillo) 






Fig. 7.93. A Internal carotid artery (ICA) angiogram; B, C MRI. Intradural fusiform 
segment of the ICA termination compatible with a healed dissection 
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Fig. 7.94A-C. A 61-year-old female patient operated on for an ethmoidal menin- 
gioma 3 years earlier. Incidental discovery of multiple fusiform aneurysms on the 
supratentorial arteries: A ICA; B, AcomA; C left MCA 




Fig. 7.95. A, B Angiography for subarachnoid hemorrhage. Suspicion of internal ► 
carotid artery (ICA) anterior division blebs in mirror position. C, D Three-month fol- 
low-up angiogram showed significant growth of left ICA aneurysm. The right ICA 
blebs have remained unchanged. The left ICA aneurysm was successfully coiled. E-G 
Seven months after embolization, angiograms show the stable result for the left ICA 
aneurysm, but the right ICA blebs have enlarged slightly. The coiling attempted for 
the right ICA aneurysm during the same session failed 
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Fig. 7.95C-G. Legend see p. 484 
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These authors suggest that this adaptive intimal thickening compensates 
for the weakening of the arterial wall caused by the damaged IEL. Factors 
that weaken the structure of IEL such as inflammation, infection, trauma, 
and congenital factors may be associated with the etiology of fusiform 
aneurysms, dissecting aneurysms, partially thrombosed lesions, or saccu- 
lar aneurysms unrelated to branching zones (Table 7.34). 

7.5.2 Giant Intracranial Aneurysms with Thrombosis 

The capacity to distinguish a giant thrombosed aneurysm from a 
dolichoectatic-type or chronic dissecting-type aneurysm is limited on the 
basis of imaging data. The term “giant aneurysm” fails to convey any in- 
formation about the lesion other than an agreed minimum size. The defi- 
nition of each of these entities is based on their appearance; however, this 
is not helpful in understanding the clinical course of the lesion or the 
response of the surrounding tissues (Figs. 7.96, 7.97). In the 1980s, Schu- 
biger (1980, 1987) had already closely linked the giant partially throm- 
bosed saccular AA and the chronic dissection processes suspected in 
dolichoectatic or fusiform AA (Fig. 7.89). 




Fig. 7.96A-H. A 42-year-old male patient presented with acute onset of neurological 
deficit, which continued to worsen over the subsequent 2 weeks. Recently throm- 
bosed giant middle cerebral artery (MCA) aneurysm is noted on MRI (A-D), with 
significant perianeurysmal edematous reaction. E-H see p. 487 
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Fig. 7.96 ( continued ). E MRA and angiography (F-H) confirm the complete exclu- 
sion of the aneurysm and the occlusion of a temporal division of the MCA 



Giant saccular aneurysms have some degree of permanent intralumi- 
nal (or mural) thrombosis and measure over 25 mm in diameter. Giant 
saccular AAs are therefore different from large or giant berry AAs since 
they have a fully patent lumen. 

The largest berry AA could probably be of the same size as a partially 
thrombosed smaller giant AA. In the giant AA, there is no relation be- 
tween hemodynamics and size, whereas in large berry- type saccular AAs, 
the visualized lumen is the same size as the pouch. 

Giant intracranial aneurysms occur most frequently at the carotid bi- 
furcation (59%) and basilar tip (Fig. 7.98). The MCA bifurcation and an- 
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Fig. 7.97. A 70-year-old female patient presented with focal subarachnoid hem- 
orrhage in relation to a ruptured dissecting arterial aneurysm (A) treated with coils. 
MR evidence of mass effect (12/91) (B). Follow-up angiogram (C) shows stable mor- 
phological results. Nine-year follow-up image documented favorable clinical out- 
come and resolving mass effect (11/99) (D) 



terior communicating artery are also common sites for giant aneurysms 
(Weir 1987). Up to 13% of MCA aneurysms are giant and the majority of 
giant MCA aneurysms occur at the bifurcation (Fukuoka et al. 1984) 
(Fig. 7.96). A giant aneurysm originating from the M2 segment beyond the 
bifurcation is rare (Table 7.33). 

Analysis of a giant intracranial aneurysm with acute or subacute clini- 
cal deterioration can be used to approach the special nature of this group 
of lesions (Schubiger et al. 1987). In these cases, acute or subacute clinical 
deterioration will show a hyperdense rim on CT, with a density typical of 
fresh clot at the periphery of the thrombosed portion of the aneurysm 
(Fig. 7.96). The clinical deterioration could best be explained by recent 
aneurysm growth from intramural hemorrhage. Signs of a mild SAH, 
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Fig. 7.98. Giant partially 
thrombosed basilar tip arterial 
aneurysm. Symmetrical caudal 
fusion. Note the origin of the 
perforators from both PI seg- 
ments 




proved by CT, can be seen (Fig. 7.97). At surgery, the SAH is seen to have 
originated from the aneurysm wall, with formation of fresh clot both in- 
side and outside the wall. In other cases, the recent hemorrhage occurs at 
the periphery of the aneurysm and has no communication with lumen 
(Figs. 7.68, 7.89) (Schubiger et al. 1987). 

Patients presenting with acute clinical deterioration can show a sickle- 
shaped zone of enhancement on CT at the periphery of known, partially 
thrombosed aneurysm (Yasargil 1984). On pathological examination, this 
zone proves to be a fresh hematoma. Surgical exploration of giant in- 
tracranial aneurysms often reveals a tremendous network of fine vessels 
covering the aneurysm (Yasargil 1984). In an earlier publication, Schu- 
biger et al. (1980) suggested that these vessels may be the vasa vasorum 
of the aneurysmal wall and that they may be responsible for the curvilin- 
ear enhancement of the aneurysmal wall regularly observed on postcon- 
trast CT. 

Three weeks after aneurysmal wall rupture, collagen is found as a pro- 
tective layer and capillaries begin to proliferate. The formation of a 
neomembrane over the site of rupture of the aneurysm may be com- 
parable to the formation of neomembranes around chronic subdural 
hematomas. Blood vessels are a constant feature of neomembranes, 
whereas the normal dura-arachnoid interface layer is an avascular struc- 
ture (Friede and Schachenmayr 1978; Sato and Suzuki 1975). A vicious 
cycle could start in which minimal trauma induces bleeding into the 
neomembrane and the hemorrhage then induces further proliferation of 
neomembranes (Friede and Schachenmayr 1978). 

The common feature of all reported cases of growing intracerebral 
hematomas is the presence of collagenous capsule that contains numer- 
ous vascular channels (Aoki and Mizuguchi 1984, 1986; Terada et al. 1985). 
Currently, there is no explanation why most intracerebral hemorrhages 
heal without formation of a capsule. In the reported cases of growing in- 
tracerebral hematomas (Aoki and Mizuguchi 1984, 1986; Terada et al. 
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1985), these hematomas were all located superficially. It can be speculated 
that the hematoma in these cases reached the arachnoid membrane, and 
from there the arachnoid cells initiated the formation of a neomembrane. 

If the postulated growth mechanism is correct, then the more periph- 
eral layers will represent the more recent clot and aneurysm growth is by 
apposition of new layers at the periphery. If the intra-aneurysmal hemo- 
dynamics change and turbulent flow occurs, then intraluminal clots may 
reduce or, in the extreme case, completely obliterate the lumen of the 
aneurysm and probably do not cause enlargement of the aneurysmal 
mass (Figs. 7.96, 7.99, 7.100). 

It remains unclear why some giant intracranial aneurysms remain 
unchanged in appearance over many years, while others may disappear 
completely after occlusion or thrombosis of the aneurysm neck (see 
VoL 3). Although the hypothesis that the primary aneurysm corresponds 
to a common berry-type aneurysm might be appealing, the topography, 
epidemiology, and multifocality is entirely different for giant aneurysms 
than for berry aneurysms. 

The role of the arachnoid or pial interface is likely a key factor in un- 
derstanding the chronic progression of the lesion. The time scale from 
acute to chronic allows for different biological signaling processes and 
answering cascades, although it still remains insufficient to explain the 
geotropism of certain lesions. 

Giant arterial aneurysm is a proliferative disease of the vessel wall, with 
growth induced by extravascular activity (angiogenesis), as shown by the 
enhancing ring shape of these lesions. The resorption of blood clot stim- 
ulates perivascular growth factors, some of which may end up stimulating 
the proliferation of the vessel wall, leading to enlargement of the lesion. 
Some MCA giant AAs have been shown to continue to enlarge even after 
sacrifice of the parent vessel and complete exclusion of the lumen. 

Meziti et al. 1998 reports a case of a 76-year-old patient with a 12th nerve 
neurinoma, which worsened clinically and increased in size progressively 
over 2 years. The mass was enhancing but was not showing any lumen. At 
surgery it turned out to be a completely thrombosed giant AA of the intra- 
dural VA. At pathology the AA was associated with a lipophagic granuloma 
on an atheromatous giant AA. A more rapid postembolization progression 
was reported by Blanc et al. (200 1 ). A giant ICA aneurysm increased in size 
over 8 days, producing a major MCA stroke by mechanical compression. 
Swelling related to angiogenic activity was one of the hypotheses. 

As opposed to the commonly accepted principle that giant AAs are sac- 
cular AAs that have grown, we would prefer the concept of uncontrolled 
proliferation of the wall and mural thrombosis as a chronic triggering fac- 
tor for its further enlargement with or without mural dissection. The bal- 
ance between the clotting phenomenon and the angiogenic resorption of 
the clot would govern the capacity of the giant AA to enlarge or to com- 
pletely thrombose and eventually remodel. In these circumstances, the 
surrounding cerebral tissue will show a hyperintense edematous reaction 
to the thrombosis (Figs. 7.96, 7.101), similar to spontaneous clotting of 
large pouches in brain AVMs (see Chap. 9, this volume). Rupture of such 
giant AAs probably includes a dissecting phenomenon insufficiently con- 
trolled by the remaining repair systems. 
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Fig. 7.99 A-F. A 43-year-old male patient presented with mild hypoesthesia of both 
upper extremities. Complete spontaneous thrombosis of giant basilar artery (BA) 
aneurysm. A, B Note the different ages of the thromboses seen on MRI, as well as the 
absence of perianeurysmal reaction. Angiography (C-F) confirms the exclusion of 
the aneurysm and the collateral circulation to the posterior fossa structures 
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Fig. 7.100A-D. A 35-year-old male patient admitted with a 6-month history of 
seizure disorder treated with medication. Clinical examination is normal. CT shows 
calcified mass corresponding to saccular giant middle cerebral artery (MCA) 
aneurysm. At angiography (A-D), thrombosis of the aneurysm was noted with distal 
occlusion of Ml, leptomeningeal anastomoses. Conservative treatment was chosen 
with antiplatelet therapy and yearly MR! and MRA follow-up 



All dissecting processes do not lead to fusiform or giant lesions, since 
the repair capacities can be preserved in single traumatic lesions, for ex- 
ample. The geotropism for certain locations of giant or fusiform AAs sug- 
gests either the repetition of microtrauma (PCA aneurysms) (Figs. 7.73, 
7.79, 7.80) or segmental vulnerability involving the remodeling capacities 
(ICA, MCA, BA). Certain dissections occurring in specific locations such 
as the ICA in the neck may indicate a transient vulnerability in the repair 
system with a segmental distribution at the time of the primary insult. 
Persisting failure favors extension of the dissecting process and its sec- 
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Fig. 7.101. A, B Axial MRI; 

C frontal internal carotid artery 
angiogram; D, E 3-D pictures of 
a 54-year-old male patient with 
seizure. Partially thrombosed 
giant aneurysm 




ondary complication by producing an all-layer disruption or intraluminal 
clotting. Medical management, different from passive conservative man- 
agement, allows the system to recover enough to remodel the damaged 
vessel wall. Late recurrence being exceptional in the same location exem- 
plifies the efficiency of the healing processes. 

Intra-aneurysmal thrombus occurs in approximately 50% of giant 
aneurysms; however, the factors that determine the balance between 
thrombogenesis and thrombolysis within giant aneurysms are poorly un- 
derstood (Whittle 1982). Previous studies have suggested that the size of 
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the aneurysm is important in determining the risk of in-situ thrombosis 
(Whittle 1982; Fukuoka et al. 1984; Qureshi et al. 2000a). Factors that are 
thought to influence the balance between thrombus formation and degra- 
dation include the ratio of aneurysm volume to orifice size, endothelial in- 
jury due to turbulent blood flow, distortion of the parent artery, SAH, va- 
sospasm, prothrombotic states, and antifibrinolytic agents (Whittle 1982; 
Fukuoka et al. 1984; Qureshi et al. 2000a). These and other factors that in- 
fluence aneurysm formation and growth such as perivascular environ- 
ment (Table 7. 12), genetic susceptibility, somatic mutations, growth factor 
disorders, abnormal vascular remodeling, and arterial segmental vulner- 
ability vary between and within individuals. 

The onionskin appearance of a giant aneurysm is a characteristic find- 
ing on MRI and is thought to correspond to layers of intraluminal throm- 
bus deposited over time (Figs. 7.88, 7.102). Distinguishing intraluminal 
from intramural thrombus within a partially thrombosed aneurysm is 
not possible without histological examination. We prefer that all giant AAs 
by definition harbor intraluminal or mural thrombosis or calcification. 

Complete thrombosis of intracranial aneurysms is uncommon and oc- 
curs most frequently following SAH and in fusiform or giant saccular 
aneurysms (Figs. 7.96, 7.99, 7.100). 

Complete aneurysm thrombosis following SAH occurs in l%-2% of 
cases and has been reported in up to 55% of giant aneurysms demon- 
strated on CT scans (Brownlee et al. 1995). Spontaneous thrombosis of the 
majority of a giant aneurysm has been reported to occur as quickly as 
1 month following diagnosis of the lesion (Weir 1987). Parent or distal 
vessel thrombosis has been reported in association with aneurysmal 
thrombosis following SAH, during treatment with antifibrinolytic agents, 
spontaneously in giant aneurysms (Fig. 7.82), and following surgical 
and endovascular procedures (Figs. 7.97, 7.103). The long-term stability of 
thrombosed aneurysms is uncertain and recanalization of thrombosed 
aneurysms is well recognized, both in the acute setting of angiogram-neg- 
ative SAH and in cases of spontaneously thrombosed aneurysms without 
SAH (Atkinson et al. 1993). We have not observed such situations. In 
Atkinson’s case of a thrombosed P1-P2 segment aneurysm, the parent 
vessel remained patent, but MRI 3 months after the ictus demonstrated 
recanalization of the aneurysm, which was subsequently treated surgical- 
ly. Growth of completely thrombosed giant aneurysms is also recognized 
by continued intramural hemorrhage from the vasa vasorum. 

Embolic ischemic events have been attributed to both unruptured and 
ruptured aneurysms of all sizes (Fig. 7.72). Qureshi et al. (2000a) reported 
a 3.3% incidence of strokes or TIAs from the aneurysm sac in 269 patients 
with unruptured aneurysms. Of the nine patients identified, four had 
MCA aneurysms and three had internal carotid aneurysms. In a review of 
the literature, a further 41 patients presenting with stroke or TIA were 
identified. Of these patients, 37% had MCA aneurysms. Medical treatment 
with antiplatelet agents was proposed to reduce platelet aggregation with- 
in the aneurysm sac in patients presenting with TIAs. The theoretical dis- 
advantage of impairing platelet-mediated fibroblast migration and scar 
formation within the wall of the aneurysm potentially inhibiting the heal- 
ing process (Fig. 7.72) was discussed; however, the authors concluded that 
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Fig. 7.102. A Axial, B para- 
sagittal MRI, C frontal internal 
carotid artery angiogram in a 
20-year-old female patient with 
progressive right hemiparesis. 
MRI discovery of an arterial 
aneurysm 




in patients with a small (<10 mm) aneurysm, aspirin may be used to re- 
duce the risk of TIAs (Qureshi et al. 2000a). It is crucial to evaluate collat- 
eral circulation downstream from a giant AA in order to choose the best 
therapeutic management and discuss the need for functional testing with 
parent vessel occlusion. It is remarkable that a PCA giant or fusiform par- 
tially thrombosed AA can develop rapidly efficient collateral circulation, 
either through the geniculate body network (P1-P2 AA) or by retrograde 
leptomeningeal anastomoses (Figs. 7.79, 7.82; see Vol. 1). In occluded ar- 
teries associated with giant AA, most of the collateral circulation as seen 
in the skull base tends to use the oldest arterial channels: lateral genicu- 
late anastomoses between the AchA and PCA, pericallosal arch between 
the ACA and PCA. Conversely, giant or fusiform partially thrombosed 
AAs developed along the MCA seldom recruit (or stimulate) efficient lep- 
tomeningeal angiectasia. Strokes in giant AA patients are not always re- 
lated to distal embolic accident from the lumen, but may result from 
sudden extravascular edema secondary to thrombosis or recurrent mural 
bleed, from distal hemodynamic insufficiency secondary to complete lu- 
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Fig. 7. 1 03. Giant partially thrombosed middle cerebral artery (MCA) aneurysm with 
a saccular development from temporal artery division (A-C). D, E Giant partially 
thrombosed MCA aneurysm treated with coils 
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men and parent artery thrombosis, or from extension of the recurrent 
dissecting events involving perforators (Fig. 7.96). In each case, the type of 
AA and the topography of the stroke will suggest the mechanism most 
likely involved. 



7.5.3 Nonsaccular Giant Arterial Aneurysms 

Fusiform AA corresponds to an enlargement of the entire vessel circum- 
ference over a segment of the artery (Fig. 7.90). It can be seen in various 
situations, in particular in dissecting AA associated with connective tis- 
sue disease, infectious AA, and inflammatory or immune diseases, where 
they are often multifocal and large (Figs. 7.91, 7.92). They should be dis- 
tinguished from dysplastic pseudoaneurysmal segments that are elongat- 
ed into a dolichodysplastic segment. The giant fusiform aneurysms (0.6% 
of all AAs) are a peculiar entity characterized by perforators or cortical 
branches coming from the sac; they are associated with intraluminal 
thrombosis (Tables 7.37, 7.38). This makes their treatment particularly 
challenging: the operative mortality was 23% in the Drake and Peerless 
series (1997), in 120 giant fusiform AAs. They are almost indistinguish- 
able from the giant saccular AAs and they account for 21% of the overall 
population of giant AAs. On the other hand, they seldom bleed (SAH, 
17%) and mostly present with mass effect (50%), regardless of the topog- 
raphy in the anterior or posterior circulation. Almost all embolic compli- 
cations that were noted occurred in the anteriorly located giant fusiform 
cases (Drake and Peerless 1997). They are mostly diagnosed in young 
males (60% before 40 years of age) with no history of hypertension or ath- 
erosclerosis. Twenty-five percent are located in the anterior circulation 
and mostly involve the MCA (50%) (Figs. 7.72, 7.90). In the posterior cir- 
culation, half of them involve the vertebrobasilar trunk (VA, VB junction, 
BA), and 30% the PCA artery at PI and P2 segments. Proximal occlusion 



Table 7.37. Topography of giant and fusiform AAs (from Drake and Peerless 1997, 
with permission) 



Location of AA 


Total patients 


Patients with % 

fusiform AAs a 


Internal carotid 


178 


6 


3 


Middle cerebral 


54 


12 


22 


Anterior cerebral 


19 


5 


26 


Basilar bifurcation 


136 


4 


3 


Anterior-superior cerebellar 


55 


1 


2 


Basilar trunk 


56 


29 


52 


Vertebral-basilar junction 


38 


9 


24 


Vertebral 


39 


15 


38 


PI 


39 


13 


33 


P2 


27 


17 


63 


Total 


641 


111 


NA 



NA, not applicable. 

a Of unknown etiology; excludes six patients with atherosclerosis, three with specific 
causes, and 82 with petrous and cavernous AA. 
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Table 7.38. Revealing symptoms in giant intracranial fusiform aneurysms (modified from Drake and Peerless 1997) 


Location of giant intracranial fusiform 
aneurysm 


No. 


Mass 


SAH 


Seizure 


Embolism 


Headache 


Anterior division (ICA, MCA, AChA) 


25 (20%) 


12 (19%) 


5 (17%) 


1 


5 


l a 


Posterior division (basilar bifurcation) 
P1-P2, ASCA) 


37 (30%) 


15 (25%) 


11 (35%) 


1 


- 


10 


Vertebrobasilar (BA/VB junction, VA, PICA) 


58 (50%) 


34 (56%) 


14 (48%) 


- 


- 


10 


Total 


120 (100%) 


61 (100%) 


30(100%) 


2 


5 


21 



ICA, internal carotid artery; MCA, middle cerebral artery; AChA, anterior choroidal artery; ASCA, anterior-superior 
cerebellar artery; BA, basilar artery; VB, vertebrobasilar; VA, vertebral artery; PICA posterior inferior cerebellar artery. 
a Incidental. 



of the parent vessel almost invariably causes complete thrombosis of the 
AA; the safety of the outcome depends on the collateral circulation in both 
the deep and superficial territory. Spontaneous occlusion can occur and is 
usually clinically associated with severe headaches and deficit, often re- 
lated to an increase in size. 

The PCA fusiform AAs deserve a special mention in this group since 
the clinical tolerance with respect to vision preservation is usually excel- 
lent. The collaterals around the lateral geniculate body account for this 
tolerance (see Vol. 1). In case of giant fusiform partially calcified A A on 
the same PCA, resolution of the perianeurysmal hypersignal is expected 
following sacrifice of the parent vessel; the quality of the spontaneously 
established cortical collateral circulation improves the preoperative visu- 
al impairment (Kon et al. 1997). The specific fusiform aspect of P1-P2 
AAs, even without thrombosis, makes them unlikely to be of the same 
etiopathogenesis as the so-called berry or saccular AA. The constant 
fusiform aspect in this topography suggests the triggering role of micro- 
traumatic insults to the PCA at the tentorium edge and subsequent dis- 
section, explaining the aspect of the aneurysm (Lazinski et al. 2000). 

The dissections may have variable clinical presentations, depending on 
the balance between the triggering trauma and the repair system. Acute 
dissection would likely lead to SAH or brain stem stroke when they in- 
volve perforators. Subacute dissection would be more likely to result in 
distal microembolic strokes, while chronic dissection would eventually 
lead to giant fusiform lesions as the result of mural angiogenesis 
(Table 3.35). The mural clot would in this instance have the same long- 
term effect in stimulating vessel wall proliferation and AA growth to reach 
the giant size. 



7.5.3. 1 Megadolicho Arteries and Serpentine Arterial Aneurysms 

In 1977, Segal and McLaurin first introduced the concept of giant serpen- 
tine aneurysm (GSA), defined as partially thrombosed giant aneurysms 
with an irregular vascular channel, a subcategory of intracranial giant 
aneurysms (Fig. 7.104). 
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Fig.7.104A-F. A 31-year-old 
male patient. CT shows deep- 
seated infarct on the right side 
(A) 2 months after presentation 
with left-sided hemiparesis. 
MRI shows partially throm- 
bosed arterial aneurysm from 
the midline to the entrance of 
the right sylvian fissure (B-D). 
E, F Angiograms show a ser- 
pentine aneurysm of the inter- 
nal carotid artery termination 
(7th segment), involving the 
Ml segment. The right A1 
segment is absent. Posterior 
circulation was normal with 
asymmetrical caudal fusion 
of the basilar tip. (Courtesy of 
S. Pongpech) 
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Sixty-five cases were reviewed by Anshun et al. (2000), who found that 
the main clinical presentation of GSAs was mass effect, ischemia, and 
hemorrhage. SAH occurred in 23.5% (12/51). GSAs occur more frequently 
in males (41/64). They ranged in age from 5 to 69 years, with a mean age 
of 41 years. Forty-three percent (28/65) of GSAs are located in the middle 
cerebral artery territory, 20% (13/65) at the internal carotid artery, 14% 
(9/65) at the posterior cerebral artery, 6% (4/65) at both the basilar and 
vertebral arteries, 5% (3/65) at the basilar- vertebral junction, 3% (2/65) at 
the PICA, and 1 .5% (1/65) at both the anterior cerebral artery and the pos- 
terior communicating artery. 

CT demonstrates calcification in the wall, while MRI clearly shows the 
AA thrombus at various stages. Postmortem microscopic studies of 18 
cases (Segal and McLaurin 1977; Belec et al. 1988; Khan 1990; Li et al. 1988) 
demonstrated that the aneurysmal wall consisted of fibrous tissue meas- 
uring 2-4 mm in thickness, often with calcification, loss or almost com- 
plete loss of internal elastic lamina and muscularis, and a number of small 
vessels within the wall. The sac contains thrombi of various ages, occa- 
sionally with calcification and hemorrhage. There is no endothelial lining 
of tiny channels that end blindly in the thrombus. 

Anshun et al. (2000) propose that congenital defects of the arterial wall 
combined with dissection caused by an acquired injury are the possible 
underlying causes of GSA formation, because GSAs occur in all age 
groups and the gross appearance of GSAs is similar to that of intracranial 
dissection. The findings of GSAs on MRI are also similar to those of in- 
tracranial dissection. The majority of GSAs did grow over time, and hem- 
orrhage occurred in 23.5%. 



7.5.4 Multiple Giant Arterial Aneurysms 
and Mirror Giant Arterial Aneurysms 

Multiple giant and mirror giant AAs are rare and usually involve the ex- 
tradural carotid system unilaterally or the ICA and VA intradurally 
(Fig. 7.26). We have exceptionally encountered mirror giant aneurysms 
(Fig. 7.105) of the saccular or the fusiform type. Since their cause and nat- 
ural history is unknown, the therapeutic challenge is great. Such lesions 
are different from the multiple fusiform AA described in immune defi- 
ciencies (Figs. 7.111, 7.113) or the bilateral cavernous sinus ICA mycotic 
aneurysms. The multifocal character of giant AAs suggests nonhemody- 
namic triggering factors such as a congenital vessel wall defect associated 
with or related to growth factor dysfunction. It is striking that most of the 
genetic or familial diseases known to give single or multiple AAs are not 
involved in the etiological discussion of single or multiple giant AAs, 
except for NF1 in the extracranial region (Fig. 7.40). This observation 
stresses the difference that exists within the AA group and underlines that 
several causes can be extrapolated to produce similar morphological 
types. Phenotypes that are similar may be treated the same mechanically 
to obtain short-term goals. If on the other hand disease-based therapy is 
to be provided it will be unlikely that similar AA phenotypes (morpho- 
logically identical) will benefit from the same therapeutic agent. 
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Fig. 7.105A-H. A 63 -year- old 
male patient presented with 
progressive left hemiparesis for 
1 week. At onset mild headaches 
were noted followed by the 
deficit without fever. A-C CT 
and angio-CT showed minor 
white matter ischemic acci- 
dents and bilateral calcified 
aneurysmal masses smaller 
on the right than on the left. 
D-F Multifocal giant partially 
thrombosed aneurysms were 
confirmed on angiograms. The 
right-sided aneurysm involved 
the internal carotid artery 
(ICA) termination (6th and 7th 
segments) and A1 . G, H see 
p. 502 
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Fig. 7.105 ( continued ). G, H On the left side, the ICA termination was involved as well 
as the A 1 , M 1 , and M2 segments. Distal middle cerebral artery territories were normal. 
ICA posterior divisions were not involved with asymmetrical basilar caudal fusion. 
(Courtesy of S. Pongpech) 



7.6 Infectious, Immune, and Inflammatory 
Intradural Aneurysms 

7.6.1 Infectious Arterial Aneurysms 

The term “mycotic arterial aneurysm” was proposed by Osier in 1901 to 
describe AAs seen during bacterial endocarditis (Fig. 7.106). The designa- 
tion has been kept to name the AAs associated with an infectious state 
(Hurst et al. 1992). Today the term “infectious arterial aneurysm” (IAA) 
seems more appropriate (Micheli et al. 1989). Although they can be caused 
by fungal infections, they are most often of bacterial origin (Barrow and 
Prats 1990; Bohmfalk et al. 1978; Horten et al. 1976). They account for 
1.5%-9% of all intracranial aneurysms (Clare and Barrow 1992) but less 
than l%-2% in an interventional practice. The proportion of such IAAs 
depends on the local situation: e.g., the presence of a cardiothoracic de- 
partment for adults or children. Of patients with subacute bacterial endo- 
carditis (SBE), 3%-15% present with an IAA (Fig. 7.107). Other causes in- 
clude dental and maxillofacial surgery. IAAs are usually small and distally 
located on the MCA or less frequently in the PCA territories (Fig. 7.108); 
they rarely involve the ACA or the posterior fossa. They are more proxi- 
mal in location in 23% of cases. 

IAAs may involve the intracavernous ICA by contiguity, following se- 
vere sphenoid sinus infections with osteomyelitis and cavernous sinus 
thrombophlebitis (Suwanela et al. 1972; Marsot-Dupuch et al. 2000). Cav- 
ernous IAAs are often bilateral (19%) and caused by staphylococcus in- 
fection (50%). They occur more frequently in children (56%) (see Vol. 3). 
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Fig. 7.106. A 13-year-old girl 
presented with seizure-like 
episodes. CT showed focal in- 
tracranial hemorrhage. Angiog- 
raphy was suggestive of my- 
cotic AA on the distal branch 
of the middle cerebral artery. 
Doppler demonstrated cardiac 
vegetations, which was treated 
with antibiotics 





Fig. 7.107. A 52-year-old male patient with subacute bacterial endocarditis of an 
aortic valve, presented with sudden onset of headaches in relation to focal subarach- 
noid hemorrhage (arrow) shown on CT (A). Note the multifocal lesions on MRI 
(B) and the distal mycotic aneurysm on the angiogram (arrow, C). Treatment com- 
prised aortic valve replacement and antibiotics 
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Fig. 7.108A-F. A 42-year-old male patient presented with severe renal insufficiency 
in relation to HIV with cryptococcus infection. Antibiotics, triple-therapy, and di- 
uretics were used. Admitted in emergency for subarachnoid hemorrhage Glasgow 1 5, 
Hunt and Hess II. At angiography, fusiform ectasia of P2 on the right side (A, B). 
Three-dimensional (C) and endoscopic (D) views suggest dissection. Conservative 
treatment is decided in view of the late stage of the renal failure. E, F Follow-up an- 
giograms performed 2 months later show spontaneous occlusion of P2 with efficient 
collateral circulation toward the distal territory 








Infectious Arterial Aneurysms 505 



In half of the cases, their size increases on follow-up angiography, but they 
will disappear in 25% of cases with antibiotic treatment, with occlusion of the 
ICA in one-quarter of them. Other extravascular causes include meningitis. 

In 20% of cases, IAAs are multiple and this frequency increases in 
immune-deficient patients and with inappropriate use of antibiotics or 
cytotoxic drugs (Schnee and Flamm 1997). The most frequently involved 
infectious agents are Streptococcus viridans and Staphylococcus aureus, 
mostly in cases of subacute or acute endocarditis (Fig. 7.109). Blood and 
CSF cultures will classically show the suspected causative agent but in 
one-third of cases, no infectious agent can be identified. Bacteria were 
found in the wall of the IAA as early as the nineteenth century. However 
the etiopathogenic role of septic emboli, septicemia, meningitis, or en- 
cephalitis associated with the IAA is unclear. 

The time interval between the infectious emboli and IAA development, 
including rupture, can be as short as 24-48 h (Clare and Barrow 1992). 
The more aggressive the infectious agent is (such as salmonella), the high- 
er the chance of rupture will be. The direct involvement of the arterial wall 
(Clare and Barrow 1992) is the mechanism most often advocated. It in- 
volves an infectious process progressing from the lumen to the extravas- 
cular space. The infectious agent circulates during septicemia, and en- 
dothelial impact occurs in vulnerable zones where there is turbulence or 
at the level of preexisting atheromatous A As (Patra et al. 1986). 

Infection extending from the outside toward the lumen involves infec- 
tious emboli originating from the vasa vasorum (Patra et al. 1986; Rice et 
al. 1997). Such a mechanism is suggested in A As affecting arteries with 
high flow and in cases of salmonellosis, tuberculosis, and treponematosis. 
Adventitial involvement is thus primarily in those circumstances and me- 
dia, and intima infection occurs secondarily (Foote et al. 1978). Such local 
diffusion is the result of vascular stasis and occlusion of the vasa vasorum 
(Patra et al. 1986) in the vicinity of an infected area (abscess, meningitis, 
or an infectious thrombophlebitis of the cavernous sinus) (Lawson and 
Reino 1997; Suwanwella et al. 1972). Exceptionally, an immunoallergic 
mechanism has been proposed to explain some infectious aneurysms 
during proper therapeutic management of a case of infectious endocardi- 
tis (Barrow and Prat 1990). 

In nearly 80% of endocarditis patients, the prominent associated loca- 
tion will be the aortic valves. In 35% of patients, embolic episodes have 
been recorded, 43% of them in the brain. However, 4% of the 442 endo- 
carditis cases did present with a SAH from IAA, and 21% of them had had 
an embolic episode before (Gates 1951). The peculiar similarities between 
the aorta and the intracranial arteries (neural crest involvement; Etchev- 
ers 2001) suggests that an acute or subacute cardioaortic infection maybe 
the reflection of a general but also a local decrease in the defense ability. 
A secondary decrease in these abilities at the level of the intradural artery 
may expose them to any circulating agent that otherwise would not have 
been capable of producing vessel inflammation and rupture. Most of the 
so-called IAAs are in fact either dissected or false AAs, the lumen commu- 
nicating with the endothelialized cavity within the hematoma (Patra et al. 
1986; Barker 1953), with peripheral fibrous changes constituting a dense 
capsule. There is a consistent impairment of the internal elastic lamina. 
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Fig.7.109A-L. A 26-year-old 
female patient with mitral valve 
prolapse presented a sudden 
onset of left visual field defect. 
Multiple mycotic aneurysms 
were demonstrated. A, B Initial 
MRI. C, D Angiograms show 
aneurysms in the occipital and 
sylvian regions (arrows). 

E, F Following 3 weeks of an- 
tibiotics, the occipital lesion 
is healed while the middle 
cerebral artery lesion does not 
show significant change. G-L 
see p. 507 
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Fig. 7.109 ( continued ). G-J Three-dimensional analysis aided in successful endovas- 
cular coiling (H-J). K, L Follow-up MRI after 5 weeks 
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Fig. 7.1 10. A 10-year-old boy presented with acute subarachnoid hemorrhage and a 
small intracranial hemorrhage in the right sylvian fissure (A). This bleed was caused 
by the rupture of a bilobed fusiform arterial ectasia located on the parietal branch of 
the middle cerebral artery (B, C). A mycotic aneurysm was suspected despite lack of 
evidence of an infectious focus. Conservative treatment with antibiotic therapy was 
chosen because of the eloquence of the territory fed by this vessel and the appearance 
of the arterial aneurysm. Thrombosis of the lesion was noted on the 6-month follow- 
up angiogram (D) 



IAA lesions are mostly distal on the arterial tree and reveal themselves 
by intracranial hemorrhage (ICH). They are often small, extending into 
the hematoma (Fig. 7.110), and have a fusiform appearance with no neck, 
as they involve the full thickness of the vessel wall as a focal dissection. 
When diagnosed, they require urgent antibiotic treatment for a minimum 
of 4 and preferably 6 weeks. In rare cases, a focal SAH may be the pre- 
senting event (Fig. 7.107). Mortality is reported as high as 80% in the 
ruptured cases and 30% for the unruptured ones (Bohmfalk et al. 1978). 
Mortality despite medical treatment is 57%; when surgery and antibiotic 
therapy are combined (Weir 1987), the mortality drops to 23%. Following 
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medical treatment, the IAA tends to regress completely (30%) or incom- 
pletely (19%), with or without occlusion of the parent vessel. They may 
persist (15%) or even grow (22%) despite medical treatment, and some 
will rebleed (Fig. 7.109). 

In 15% of cases, new IAAs will appear (Ojeman 1982) and treatment 
should therefore be discussed carefully in every case following an appro- 
priate course of medical treatment. Early endovascular management is 
sometimes mandatory for ruptured IAAs responding poorly or not at all 
to treatment. This may require sacrifice of the involved arterial segment, 
even in eloquent areas, after assessing the leptomeningeal anastomotic 
circulation (Scotti 1996; Houdart 1997; Chaloupka 1998), as preservation 
of the artery is usually not possible. The relevance to treat several loca- 
tions or unruptured IAAs will need to be discussed case by case, taking 
into consideration the apparent efficiency of the antibiotics on the infec- 
tious disease, the morphological changes under appropriate treatment, 
and the postulated risk carried by certain locations in case of hemorrhage 
(sphenoid sinus). The need for anticoagulation in some specific cardiac 
situations may also prompt intervention. Surgery has little to add in this 
pathology unless a decompressive operation for ICH needs to be per- 
formed. The long-term patency rate of end-to-end anastomosis in these 
small distal vessels is still a problem. 

Of utmost importance is the need for repeated cerebral angiography at 
short intervals, to detect changes in aneurysm size, configuration, or the 
development of new lesions. MRI and MRA are not sufficient for this pur- 
pose, as they may fail to detect new small distal aneurysms. 



7.6.2 Intradural Fusiform Aneurysms in Patients with Immune Deficiencies 

Neurovascular manifestations of AIDS in adults usually consist of vascu- 
lar occlusions associated with distal emboli and complications of throm- 
bocytopenia. In children, cerebrovascular lesions are mostly due to ar- 
teritis in combination with arterial sclerosis, vascular occlusions, and 
formation of intracranial aneurysms (Dubrovsky et al. 1998; Philippet et 
al. 1994; Shah et al. 1996). These aneurysms are typically multiple, sub- 
arachnoid in location, fusiform in shape and involve the proximal arter- 
ies of the base of the brain, preferentially the supraclinoid part of the in- 
ternal cerebral artery (ICA) (Sedat et al. 1999a) (Figs. 7.108, 7.111, 7.112). 
Although these lesions were initially considered as relatively specific 
(Park et al. 1990), we observed similar features in chronic mucocutaneous 
candidosis (CMCC) (Fig. 7.113). CMCC is a rare and familial disorder of 
unknown etiology, characterized by recurrent infections of the mucous 
membranes, nails, and skin with Candida albicans (Groubi et al. 1998). 
The very similar neuroradiological aspect of these cases was remarkable 
and raised several questions regarding the etiology and mechanism of 
these lesions. 

None of the patients had evidence of coagulopathy, collagen vascular dis- 
ease, or familial hereditary disease, but most of them suffered from severe 
immunosuppressive disorders or syndromes, with a long history of multiple 
opportunistic infections preceding the diagnosis of cerebral arteriopathy. 
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Fig. 7.112. A 45-year-old male patient with HIV for over 10 years and hepatitis B. 
Currently on anti-K treatment for lower limb phlebitis. He presented sudden loss of 
consciousness with rapid spontaneous recovery, GCS 14; CT shows subarachnoid 
hemorrhage; angiogram showed a PComA aneurysm 




Fig. 7.1 13A, B. Multiple fusiform arterial aneurysms (AAs) in a 7-year-old child with 
familial candidiosis. A Three-dimensional angiography shows a fusiform AA of the 
right ICA. B Three-dimensional angiography of the left vertebral artery shows a large 
fusiform basilar artery aneurysm, and another fusiform AA of the distal part of the 
left vertebral artery at the vertebrobasilar junction. (From Sedat et al. 1999, with per- 
mission) 
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CMCC is a familial disease with primary immunodeficiency disorder 
that must be distinguished from the opportunistic candidiosis seen in 
globally immunocompromised patients (steroid therapies, chemothera- 
pies, etc.)- The association of CMCC with cerebral vasculitis or aneurysm 
is very rare, and only four cases have been described: a 19-year-old 
woman with fusiform aneurysms of the major vessels of the circle of 
Willis, a 21 -year-old man with thromboses and stenoses of the distal ter- 
ritory of the MCA and ACA with no aneurysm (Groubi et al. 1998), a 38- 
year-old man with a fusiform aneurysm associated with vasculitis, and a 
child with multifocal fusiform lesions (Sedat et al. 1999a). None of these 
patients presented with bacterial, fungal, or viral infections at the time of 
the diagnosis, nor did they present with coagulopathy, metabolic abnor- 
malities, or CNS infection. 

The pathogenesis of fusiform aneurysms in HIV-infected patients 
(Fig. 7.1 1 1) remains controversial. Most authors advocated the vasculopa- 
thy to be secondary to an infectious cause. 

In a review of the literature, Dubrovsky et al. (1998) found two patients 
with mycobacterium avian intracellular infection, one with cytomegalo- 
virus (CMV) infection, four patients with herpes zoster virus (HZV) in- 
fection, and two others with elevated spot-checked HZV antibody titers. 
Kure et al. (1989) and Park et al. (1990) found one with a major HIV trans- 
membrane glycoprotein (gp41) in the walls of aneurysmal arteries, sug- 
gesting a direct cause of the HIV in the formation of the arterial dila- 
tations. Lang et al. (1992) did immunohistochemical studies but failed to 
detect glycoprotein gp41 in the wall of such lesions. 

The mycotic origin (primary affection of the arterial wall by an infec- 
tious agent) of these aneurysms is unlikely. Histological and bacteriolog- 
ical analyses of these lesions have rarely been done but, when available, 
have failed to detect the presence of an infectious agent. Furthermore, 
none of these patients had a laboratory-confirmed CNS infection at the 
time of the diagnosis and no time relation was noted between the moment 
of the diagnosis of the aneurysmal lesions and the infectious episodes. No 
patient improved despite proper medical treatment. 

Shah et al. (1996) suggested that the aneurysmal dilatations were in fact 
due to lesions of pan arteritis, resulting in the destruction of the lamina 
elastica with subintimal fibrosis. He postulated that these lesions resulted 
from ischemia of the arterial wall because of an inflammatory reaction in- 
volving adventitia and vasa vasorum (Fig. 7.108). The similarities between 
cerebral aneurysms in CMCC and in AIDS (multifocality and multiplici- 
ty, location, fusiform aspect, association with lesions of vasculitis, and 
absence of proven infectious cause) are remarkable. Sparing of the distal 
territories and other vascular systems is also noteworthy. 

Such observations suggest a variable topographical susceptibility of the 
cerebral arterial system where the midline ventral vessels are primarily 
involved. Intracranial aneurysms in CMCC and AIDS reveal exposed ar- 
eas of the cerebral vasculature, sharing the same identity or vulnerability 
(Lasjaunias 2000b). The immune disease exposes these areas to specific or 
nonspecific triggers. These vascular markings would then correspond to 
topographic phenotypes. The aneurysms are not present on the distal 
cerebral vasculature or small vessels, which may reflect the interaction be- 
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tween the vessel wall and the perivascular space (subarachnoid for the 
large arteries of the circle of Willis and aneurysms, as opposed to subpial 
for smaller arteries). Apart from their topography, the vulnerability of 
these arterial segments appears to be time related: their expression 
evolves from fusiform ectasias (in the pediatric population) to an occlu- 
sive arteritis (in adult patients). Lesions do not regress despite medical 
therapy (as mycotic aneurysms often do), indicating that these fusiform 
dilatations are not directly related to a pathogenic agent, but result from 
an active biological response of the vessel wall to an unknown trigger be- 
yond the classically proposed infectious or hemodynamic triggers. 

Additional situations can produce multifocal large or giant fusiform 
AAs, as in children with X chromosome-linked lymphoproliferative dis- 
ease (Drake and Peerless 1997). 



7.6.3 Inflammatory Diseases and Arterial Aneurysms 

Various syndromes are known to be sometimes associated with intradur- 
al AAs; however, a fortuitous association cannot always be excluded. 
There will remain some cases in which the immune deficiency present 
suggests a similar mechanism of vessel wall impairment through the im- 
mune complexes. Sjogren’s syndrome (Fig. 7.114) and lupus syndrome 
(Fig. 7.1 15) are two of the possible associations to be considered. The le- 
sions are usually distal and of fusiform type. Their incidence and natural 
history is unknown. 



Fig. 7.114. A 51-year-old 
woman with Sjogren’s syn- 
drome and previous pul- 
monary emboli. Headaches 
prompted the initial MRI 
that disclosed one of four 
aneurysms. There was no evi- 
dence of subarachnoid hemor- 
rhage. (Courtesy of G. Edner 
and M. Soderman) 
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Fig. 7.115. Frontal (A) and lateral (B) ICA angiograms. Multiple bilateral proximal 
and distal fusiform arterial aneurysm. Inflammatory etiology related to lupus syn- 
drome 



7.7 Flow-Related Arterial Aneurysms 
and Other Aneurysmal Vasculopathies 

The idea that all AAs are generated by hemodynamic or shear stress has 
been proposed and propagated over the past few decades at scientific 
meetings, in peer-reviewed journals, and in the practice of those dealing 
with AAs. In the introduction of this chapter on AAs as vasculopathies, we 
emphasized the biological factors that relate to and act on the vessel wall 
as the result of flow conditions. The fact that hemodynamic stress may 
produce signals that can be detected by the arterial wall and may reveal an 
underlying defect, whether congenital or postnatal, does not prove it as 
the etiology for most AAs or the cause of their rupture. Yet some AAs 
are clearly flow dependent, as abnormal increases in shear stress seem to 
result in a paralysis of the remodeling process and AA formation. Inter- 
estingly, this process can be reversed once these factors have been nor- 
malized. 

The presence of increased diastolic fraction associated with an in- 
tradural or sinusal high-flow arteriovenous shunt ( AVS) is likely to trigger 
the development of so-called flow- related AA (Lasjaunias et al. 1988). This 
phenomenon has also been encountered in brain AVMs (Fig. 7.116; Tables 
7.39-7.41) (see Chap. 9, this volume), in the dural arterial supply of juve- 
nile DAVMs (Fig. 7.1 17) (see Vol. 3), in the collateral flow that occurs after 
surgical arterial ligation, after traumatic occlusion of the cervical arterial 
trunks, on the STA after STA-MCA anastomosis, or potentially on any 
chronic contribution of the ECA to the ICA circulation. The hallmark of 
these AAs is their ability to remodel and repair following correction of the 
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Fig. 7.116A, B. P 1 arterial aneurysm (AA) associated with a temporal-occipital brain 
arteriovenous malformation (AVM). Before (A) and immediately after (B) the AVM 
embolization. Note the fluid level in the AA pouch 



Table 7.39. 662 consecutive AVM patients (1985-1995): 
323 patients with AA (from Meisel et al. 2000, with per- 
mission) 



Age 


Mean age 29.72 years 


Gender 


42% female 
58% male 


Table 7.41. Shape of proximal AAs (from Meisel et al. 2000, 
with permission) 


AA with neck 


40.6% 


Infundibulum 


23.7% 


AA with wide neck 


21% 


Fusiform AAs 


10.6% 



Table 7.40. Location of proximal AAs (from Meisel et al. 
2000, with permission) 



Middle cerebral artery 


22.6% 


Anterior cerebral artery 


20.7% 


Posterior cerebral artery 


18.6% 


Internal carotid artery 


13.5% 


Circle of Willis 


11.6% 


Basilar artery 


5.5% 


Posterior-inferior cerebellar artery 


3.8% 


Anterior-superior cerebellar artery 


2.2% 


Anterior-inferior cerebellar artery 


1.5% 



AComA, anterior communicating artery; PComA, poste- 
rior communicating artery; Bas tip, basilar tip: Paraophth, 
paraophthalmic; Car term, carotid termination, PICA, pos- 
terior-inferior cerebellar artery; ASCA, anterior-superior 
cerebellar artery; PCA, posterior cerebral artery. 



abnormal hemodynamic condition. Such AAs rarely rupture and their 
management should be based on an approach to normalize the diastolic 
fraction by restoring distal capillary resistance. These AAs do not rupture 
after embolization of the AVS that involves the same feeding pedicle. A flu- 
id level can be noted in the sac immediately after the embolization proce- 
dure of the AVF (Fig. 7.116), and remodeling may take place up to 
6 months afterward and reshape the arterial wall (Fig. 7.118). Of course, 
flow-related AAs must be distinguished from false or pseudo-AAs, which 
are communications between the arterial lumen and a hematoma from a 
previous vessel rupture, as their management is entirely different (see 
Chap. 9, this volume) (Fig. 7.1 19). In spinal cord AVMs, these AAs are not 
rare and justify special management to prevent recurrent hemorrhages 
(Figs. 7.120, 7.121). 
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Fig. 7.1 19. Intracerebral hematoma from a small ruptured arteriovenous malforma- 
tion (A). Selective injection shows a typical false sac (B), which was embolized with 
glue (C) 



Fig. 7.1 18A-F. Cerebral arteriovenous malformation (AVM) associated with AComA 
aneurysm. A Right internal carotid artery (ICA) injection shows the frontal-insular 
AVM. B Axial T2-weighted MRI. C Left ICA shows a large flow-related aneurysm. 
D-F Angiographic and MRI follow-up after partial embolization of the AVM. Note 
the remodeling of the aneurysm wall in response to the AVM embolization 
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Fig. 7.120. Typical arterial 
aneurysm associated with a 
spinal cord arteriovenous mal- 
formation (A). It is located on 
the radicular portion of the 
artery. This is an angioarchitec- 
tural feature often seen with 
repeated subarachnoid hemor- 
rhages, which here has been 
treated with specific partial tar- 
geted embolization (B) 



7.7.1 Intradural Traumatic Arterial Aneurysms 

Intradural traumatic aneurysms are rare and most commonly involve 
the internal carotid and vertebral arteries at their transdural portions 
(Figs. 7.122, 7.123). Vascular injury can be a fatal complication of third 
ventriculostomy. The anatomical changes created by a posterior fossa 
mass lesion may modify significantly the mesencephalodiencephalic re- 
gion and predispose these patients to vascular injury at the time of ven- 
triculostomy (Fig. 7.66) (Lenthall et al. 1999). 

Two iatrogenic aneurysms in a previous series (Laughlin et al. 1997) 
were treated with endovascular coils. One of these patients had a basilar 
aneurysm following third ventriculostomy for hydrocephalus secondary 
to a cerebellar astrocytoma. Such aneurysms can be treated by endovas- 
cular means, with the understanding that they are in fact pseudo-AAs. In 
Lenthall’s case, a trauma related basilar tip aneurysm proved to be asymp- 
tomatic and morphologically stable for 2 years. The natural history of 
such a lesion is unknown and it appears unlikely that this type of residual 
traumatic aneurysm would disappear with remodeling after 2 years. 

Other intradural traumatic AAs include the PCA fusiform AA, in which 
microtrauma along the tentorium may produce subacute or chronic dis- 
section (Fig. 7.80). Similarly, traumatic AAs have been described as in- 
volving the ACA along the falx and the tentorium, either following major 
head injuries (Fig. 7.67) or as part of the shaken baby syndrome. Minor 
physical exercise often precedes intracranial ICA dissection associated 
with stroke in children. Those present in the P2-P3 segment may present 
later in life as mass effect. 
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Fig. 7.121 A-G. A 23-year-old male patient presented with hematomyelia from a cer- 
vical spinal cord arteriovenous malformation. Note on the angiogram and 3-D image 
the intranidal aneurysm in the depth of the central sulcus. A, B Frontal views, anteri- 
or and posterior surface reconstructions. C, D Angiogram and 3-D digital subtrac- 
tion angiogram: lateral views, right and left surface reconstructions. E-G Lateral 
views. Targeted glue embolization through a pial branch of the anterior spinal artery 
selectively excluded the aneurysm pouch. Note the fluid level on the plain film. The 
patient remained asymptomatic 
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Fig. 7.122. A, B MRI of patient with previous history of severe motor vehicle accident 
(MVA). Evidence of carotid cavernous fistula (CCF) with intradural chronic flow-re- 
lated aneurysm, or healed traumatic dissecting aneurysm. C-F Pre-embolization an- 
giograms. G-L see p. 521 
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Fig. 7.122 ( continued ). G-I Postembolization angiograms in the common carotid. 
The internal carotid artery was sacrificed with detachable balloons, including 
stumpectomy. Note the stagnation in the aneurysm as soon as the CCF was treated. 
J-L Postembolization vertebral artery angiograms. Note the stagnation in the arteri- 
al pocket also demonstrated via the PComA. (Courtesy of S. Pongpech) 
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Fig. 7.123. Traumatic carotid cavernous fistula (CCF) associated with an intradural 
internal carotid artery aneurysm at the acute stage (A). The lesion is clearly seen after 
the CCF embolization (B). (Courtesy of S. Pongpech) 






Fig. 7.124A-C. McCune Al- 
bright syndrome. A 50-year-old 
male patient with heterozygotic 
a thalassemia, frontal fibrous 
dysplasia. Surgery was per- 
formed at the age of 30, 40, and 
45 years. Left-sided blindness, 
acromegalia, and hypertension 
by renal artery stenosis. Inci- 
dental discovery of an internal 
carotid artery aneurysm during 
pituitary screening 
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7.7.2 Arterial Aneurysms Associated with Proliferative Diseases 

The simultaneous occurrence of a cerebral AA and a brain tumor is rare 
(Gibbon and Brookes 1967; Edner and Feuerberg 1984; Weir 1987). With 
few exceptions, the coexistence of an AA in a patient with a brain tumor 
appears random (Fig. 7.124). This may complicate the approach to both le- 
sions. Children with neurofibromatosis carry a 12% risk of harboring a 
brain tumor: an optic glioma is the most common. Edner and Feuerberg 
(1984) reported the case of a 23-year-old man with neurofibromatosis 
combined with an optic glioma and a ruptured aneurysm. AAs and he- 
mangiomas are encountered in the PHACE syndrome. They usually in- 
volve embryonic arteries of the ECA system (Figs. 7.23, 7.127). 

Atrial myxomas are neoplasms thought to be derived from pluripoten- 
tial subendocardial mesenchymal cells (Fig. 7.125). They are more com- 
mon in women and have no familial preponderance (Tazelear et al. 1992). 
Emboli composed of tumor, blood clot, or both lodge in cerebral vessels 
and cause cerebral infarction. Stoane et al. (1996) demonstrated arterial 
filling defects and focal dilatations at cerebral angiography in two patients 
with atrial myxomas, and showed an increase in the size of the aneurysms 



Fig.7.125A-C. Bilateral 
fusiform arterial aneurysm, 

5 years after the removal of 
a cardiac myxoma. (Courtesy 
of K. Oguz) 




r 
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2 months after the removal of the cardiac tumor in one patient (Fig. 7. 125). 
Burton and Johnston (1970) showed invasion and proliferation of the 
myxomatous tissue replacing the vessel wall of a dilated artery. According 
to Price et al. (1970), aneurysms are the result of tumor material that 
lodges and grows in situ, invading the intima and media of the vessel wall. 
Aneurysm growth may continue up to 5 years after removal of the atrial 
myxoma (Oguz et al. 2001). 

Metastatic disease from different primary locations has been seen as- 
sociated with AAs, but this is rare. Metastatic tumoral colonization of the 
cerebral vessel wall is often implicated but remains mostly unproven. 

AAs are not infrequently seen following radiation treatment of patients 
treated for head and neck cancers. Superficial uncovering of the ICA and 
life-threatening hemorrhages may occur and require emergent endovas- 
cular management. 



7.7.3 Arterial Aneurysms with Congenital Heart Disorders 
and Coarctation of the Aorta 

Intracranial aneurysms and cervicocephalic arterial dissections in pedi- 
atric and adult patients can be associated with a variety of congenital 
heart disorders. 

The mean age at the time of diagnosis of the cerebrovascular abnor- 
mality was 32 years (range, 13-58 years). Congenital heart disease may 
consist of complex cardiac anomalies in 20% (truncus arteriosus, trans- 
position of the great arteries, and tricuspid atresia in one patient each), 
pulmonic valve or arterial stenosis (12%), aortic coarctation (23%), and 
bicuspid aortic valves (30%). 

In 80% of cases, the diagnosis of congenital heart disease preceded the 
diagnosis of intracranial aneurysm or arterial dissection. None of the in- 
tracranial aneurysms were located in the distal vasculature. Half of the 
aneurysms were saccular and unremarkable in configuration (Schievink 
et al. 1996). 

Coarctation of the aorta (CoA) is a rare disorder; cerebral AAs occur in 
3% of patients with CoA. Conversely, CoA is encountered in 1 .2% of all AA 
patients (Fox 1983). Ten percent of CoA patients die from SAH, a high 
mortality rate from this aspect of the disease, compared to the mortality 
rate for cardioaortic problems; 74% of patients die before age 40. The AAs 
are located at the same sites as common saccular AAs and they are often 
multiple (30%). The incidence of all forms of aneurysm formation in aor- 
tic coarctation markedly increases with age, up to 42% in patients over the 
age of 40. Feng and Yu-Hai report a case of aortic arch interruption with 
myelopathy and multiple aneurysms of the radicular arteries and the dis- 
tal vertebral artery (Feng and Yu-Hai 1994) presenting with acute SAH. 
Ruptured aneurysms at the circle of Willis are seen in 10% of patients with 
coarctation of aorta (Baysal et al. 2000), whereas associated spinal artery 
aneurysms were sparsely reported (Damon et al. 1996; Rengachary and 
Derek 1993). 

Aneurysmal SAH has occurred many years after successful surgical 
repair of the coarctation, and a generalized structural abnormality of 
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Fig.7.126A-E. A 39-year-old 
male presented with acute 
headache and neck pain, fol- 
lowed by quadriparesis and 
quadriparesthesia. A Lumbar 
puncture showed subarachnoid 
hemorrhage. B Angiogram by 
right axillary approach re- 
vealed severe coarctation of the 
aorta between the left common 
carotid artery and left subcla- 
vian artery. C-E Multiple col- 
lateral including an enlarged 
anterior spinal arterial axis 
were noted to bridge the 
stenotic arch to the abdominal 
aorta. A small lobulated 
aneurysm was seen on the radi- 
culomedullary anterior spinal 
artery junction with the right 
ascending cervical artery. The 
patient underwent successful 
surgical clipping of the aneu- 
rysm. (Jiarakongmun et al. 
2002) 





the arterial system has been implicated in these patients (Gardiner et 
al. 1994). 

The coexistence of aortic coarctation and intracranial aneurysms asso- 
ciated with hypertension is impressive and some researchers have argued 
that hypertension alone might be responsible for this association (Stehbens 
1989). The association of aortic coarctation and intracranial aneurysms 
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suggests an abnormality of the neural crest as a possible common embry- 
ological pathogenic factor (Schievink et al. 1996; Lasjaunias 2000a). 

The neural crest contributes to both the left and right cardiac ventric- 
ular outflow tracts, and the neural crest has been implicated in the devel- 
opment of bicuspid aortic valve and coarctation of the aorta as well as in 
pulmonic valve stenosis (Kappetein et al. 1991) and pulmonary artery 
stenosis. Its impact in the PHACE syndrome is also highly probable (Hino 
et al. 1989). 

Caroscio et al. (1980), in a review of the literature up to 1980, found that 
there were 12 patients with arterial dilatation of the spinal arteries asso- 
ciated with coarctation of the aorta (Fig. 7.126); there were only three iso- 
lated aneurysms out of all 30 aneurysm cases. Intercostal aneurysms have 
also been reported in up to 10% of patients with aortic coarctation; sub- 
clavian aneurysms are another rare associated finding. 

Pathogenesis of the spinal AA associated with coarctation of the aorta 
appears as a result of hemodynamic stress from high blood flow for col- 
lateral circulation through the anterior spinal axis rather than segmental 
arterial disease or angiodysplastic disease. Multiple collaterals contribute 
flow to the contralateral subclavian artery and descending aorta below the 
coarctation, including the intercostal artery, the internal mammary artery, 
the bronchial artery, the internal carotid artery, and the vertebrobasilar 
system via the circle of Willis and uncommonly the spinal arterial axis. In 
fact, there are also some case reports of AAs along the other collateral 
pathways of a different embryological origin such as the intercostal artery, 
subclavian artery, and the circle of Willis, as mentioned above. Kawamura 
et al. (1999) reported a case of spinal AA associated with bilateral verte- 
bral arterial occlusion, whereas the vertebrobasilar system was supplied 
by the enlarged anterior spinal axis. These reports support the argument 
that spinal artery aneurysms along the collateral pathways for arterial oc- 
clusion belong to the flow- related group of aneurysms (Jiarakongmun et 
al. 2002) (Fig. 7.126). 

A special mention should be made of the PHACE_syndrome. Even 
though cerebral AAs are not part of the acronym, they are often present. 
In this syndrome, the malformation seems to involve the apoptotic system 
with a lack of arterial regression, arterial wall proliferation, and unsup- 
pressed angiogenesis. The combination of lesions resulting from malfor- 
mations and proliferative activity makes PHACE syndrome a singular en- 
tity within the group of vascular diseases (see Vol. 3) (Fig. 7. 127). 

Aortitis syndrome is a systemic vasculitis of unknown etiology that 
mainly affects the aorta, its major branches, and the pulmonary artery. 
The syndrome occurs predominantly in relatively young Asian women. To 
date, only 16 cases of aortitis syndrome associated with intracranial AA 
have been reported, with a total of 25 aneurysms. Cerebral angiography 
was not performed because of the bilateral absence of arterial pulsation in 
the groin regions (Asaoka et al. 1998). Encephalopathy associated with the 
aortitis syndrome usually presents as cerebrovascular insufficiency 
caused by stenosis or occlusion of the major branches of the aorta and a 
hypersensitive carotid sinus reflex. Patients aged 40-60 years made up 
81.3% of this group. 
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Fig. 7.127. A Intratympanic ascending pharyngeal artery aneurysm (aberrant ICA 
flow) associated with aortic coarctation (B) in a child with PHACE syndrome 



There is an almost 30-year gap between the manifestation of aortitis 
syndrome (with the peak age in the 20s) and the development of cerebral 
aneurysms. Woman represented 93.8% (15/16) of all cases in this series. 
The vertebral artery is less often affected than the common carotid artery 
in this syndrome and functions as collateral flow to compensate for 
decreased cerebral blood flow. Of the patients diagnosed as having cere- 
bral aneurysms after presenting with SAH, 43.8% exhibited multiple 
aneurysms. In 81.3%, the real incidence of AA in aortitis syndrome is not 
known (Asaoka et al. 1998). 



7.8 Therapeutic Management 

7.8.1 Introduction 

Treatment of AAs is based on preventing hemorrhage or rebleeding, with 
preservation of the cerebral arterial supply. This goal may imply various 
techniques and approaches that will not include the treatment of SAH, 
ICH, or ventricular drainage, all beyond the scope of this book. AA exclu- 
sion, parent vessel occlusion, flow correction, or the use of biologically 
active substances make up the currently available tools (see Chap. 1, this 
volume). Their indications and mastery require experience and training. 
All AAs are not the same and while the overall desire is the prevention of 
rebleeding, the risks involved in the treatment must be balanced against 
the risk of each situation, if this can be predicted. 

Mycotic AAs, giant lesions, dissecting AAs in ED type IV, traumatic dis- 
section with emboli, unruptured berry AAs, multiple AAs with SAH, dis- 
tal false AAs, AAs associated with BAVM are all situations that will require 
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special care in order to achieve the goal at the lowest acceptable risk. How- 
ever good the intention may be, a therapeutic risk higher than the antici- 
pated natural history of the specific lesion is unacceptable. Yet many 
diseases are being discovered within the generic name of intradural AA; 
therefore, further adjustments are to be expected in the future to more 
accurately tailor the figures pertaining the acceptable level of therapeu- 
tic risk. 

Various therapeutic techniques apply to AA treatment and will be dis- 
cussed in Chap. 14: 

1. Exclusion of the AA with parent artery preservation is obtained with 
endovascular coils (Fig. 7.52), surgical clips (Fig. 7.144), endoluminal 
stent (Fig. 14.92), and liquid agents (Fig. 7.42). 

2. Parent vessel occlusion is obtained with a balloon (Fig. 7.9), coils, glue, 
or a clip (Fig. 7.71). 

3. Hemodynamic correction is stimulated by remote balloon occlusion 
(Fig. 7.123), with or without by-pass (Fig. 7.32), ligation, AVS, or glue 
occlusion in associated AVMs, and AAs (Fig. 7.118). 

4. Pharmacological support can be offered with heparin in clot formation 
or antibiotics. 

5. Coated devices (see Chap. 14, this volume). 

6. Combinations of these tools (see Chap. 14, this volume). 

As illustrated in the analysis of the AA vasculopathies, the mechanical ap- 
proach to AA is still simplistic, albeit the best one available at the present 
time. Since the morphological goal is derived from this, the overall ap- 
proach should therefore not be considered satisfactory nor definitive. As 
an acceptable approximation before being more accurate in the treatment 
it should be realized that the clinical outcome should guide the treatment 
decision strategies. 

During the first year of Gugliemi detachable coils (GDCs), indications 
for use were restricted to nonsurgical AAs. Since then, all intradural AAs 
felt to be both surgical and embolizable have been embolized. From the 
authors’ accumulated experience, it is clear that GDC coiling of properly 
selected AAs, with the help of remodeling in a few rare cases (less than 5% 
of cases in our experience) (see Chap. 14, this volume), offers a better out- 
come for both ruptured and unruptured AAs than classic surgery, in 
terms of operative morbidity, mortality, as well as bleeding protection. 
This has been confirmed by Molyneux (2002) and recommended by John- 
ston et al. (2002). Both clinical and morphological follow-up confirmed 
the protection for future hemorrhage and the stability of the results ob- 
tained beyond 5 years (Tables 7.42-7.45) (Batista et al. 2002). 

For AAs where complete occlusion was achieved at immediate an- 
giogram, long-term stability was obtained if stable at the 1-year follow-up 
angiogram; further angiogram follow-ups do not seem justified in this 
group. In AAs with immediate subtotal occlusion where complete occlu- 
sion was achieved after secondary spontaneous thrombosis at 1-year an- 
giogram follow-up (27.6% in our series), long-term stability was always 
obtained and confirmed; further follow-up angiograms also do not seem 
justified in this group. AAs that showed loss of morphology at 3 months 
or 1 year, had to be re-embolized and followed up according to the date of 
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Table 7.42. Morphological changes: 10/53 AAs in 45 patients. Immediate completely 
occluded AA (from Batista 2002, with permission) 



Occluded on follow-up (%) 


100% 


99-90% 


89-80% 


<80% 


Immediate occlusion 


10 


- 


- 


- 


1 year 


8 


1 


1 r 




3 years 


8+1 


1 r 


- 


- 


5 years 


8+2 


- 


- 


- 


Total 


10 









r, Re-embolized AA; underlined AA, stability over 3 consecutive years of follow-up. 



Table 7.43. Morphological changes: 35/53 AAs in 45 patients. Immediate subtotally 
occluded AA (from Batista 2002, with permission) 



Occluded on follow-up (%) 


100% 


99-90% 


89-80% 


<80% 


Immediate occlusion 


- 


35 


- 


- 


1 year 


18 


3 


11 r 


3_r 


3 years 


18+4 


2+4 


4+1 r 


2_r 


5 years 


18+5 


2+3 


4+1 


2 a ' b 


Total 


23 


5 


5 


2 



r, Re-embolized AA; underlined AA, stability over 3 consecutive years of follow-up. 
a Recommended re-embolization refused by patient. 
b Patient referred to surgery with good results. 



Table 7.44. Morphological changes: 8/53 AAs in 45 patients. Immediate partially 
occluded AA (from Batista et al. 2002, with permission) 



Occluded on follow-up (%) 


100% 


99-90% 


89-80% 


<80% 


Immediate occlusion 


- 


- 


8 


- 


1 year 


2 


I 


4 


lr 


3 years 


2 


1+1 


2 


2 r 


5 years 


2 


1+1 


2+1 


1 


Total 


2 


2 


3 


1 



r, Re-embolized AA; underlined AA, stability over 3 consecutive years of follow-up. 



the second intervention. If immediate occlusion is less than 80%, a second 
intervention is required. 

These observations and protocols in the Batista et al. series (2002) are 
valid when there are multiple AAs (37.2% in their series). In this series, no 
bleed or rebleed was observed during the follow-up period. 

This was observed in a population of patients whose saccular intradur- 
al AAs were in the great majority less than 10 mm in size, with a neck 
smaller than 4 mm. AA topography and Hunt and Hess grading for the 
ruptured AAs were similar to most surgical series; none of these AAs were 
suggestive of giant, inflammatory, fusiform, or dissecting AAs, nor were 
they flow related. 

There is clearly little benefit in comparing the interventional teams’ 
“immediate 100% rate of exclusion” before comparing the therapeutic 
risks involved and the populations concerned without 3 years of follow-up. 









Table 7.45. Selected literature review of endovascular treatment for intracranial aneurysm 
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Compaction rates, regrowth, and de novo lesions need to be documented 
to avoid emotional consideration and rapid judgment (Figs. 7.138, 7.139, 
7.149). Operator-dependent factors should not be forgotten, nor econom- 
ical issues that will further modify the therapeutic management in a giv- 
en situation. One should also realize and document decisions that certain 
untreated AAs could possibly be treated elsewhere, by another technique 
or by somebody else. 



7.8.2 Method 

Among the criteria used to choose embolization over a surgical approach 
or even conservative treatment were appropriate vascular characteristics 
for a safe endovascular approach, a clear working projection for opti- 
mal visualization of the AA neck, appropriate AA size-to-neck ratio 
(Fig. 7.128), and AA size-to-parent-artery-diameter ratio. For ruptured 
AAs, the lesions should be treated as rapidly as possible after the diagno- 
sis of SAH has been made. Whenever possible, the treatment should take 
place at the same time as the diagnostic angiography, as a continuation of 
the same procedure. Ruptured aneurysms are considered appropriate for 
embolization according to morphological criteria, irrespective of the 
grade on admission. Surgery is performed if the patient is considered a 
poor candidate for embolization, or if the attempted endovascular proce- 
dure fails. Size (Figs. 7.128, 7.129), shape, multifocality, distribution with- 
in a possible surgical field, neurological status, and family history are tak- 
en into consideration in the indications for unruptured aneurysms. Giant, 
traumatic, mycotic, or dissecting AAs are not considered for primary en- 
dovascular treatment if exclusion of the lesion cannot be obtained with 
preservation of the parent artery. 

Since the late 1990s, 3-D angiography has been used by the authors 
(Siemens or GE Advantix LCN+, SUN workstation) to evaluate all aneu- 
rysms. This includes volume and surface rendering as well as virtual en- 
doscopic views (Fig. 7.130, p. 534); it provides a very precise delineation of 
the AA and optimal analysis of its neck and characteristics (Fig. 7.95). De- 
tailed analysis of the rest of the arterial tree is crucial both to disclose 
other AAs and to understand the general vascular anatomy involved. An- 
gio-CT and MRA (Figs. 7. 1 05, 7. 1 3 1 , p. 535) remain insufficient to fully ap- 
preciate the lesion, the associated AA, the position, etc. Architecture of the 
ruptured AA is analyzed to find the precise rupture point of the AA, indi- 
cated by a false or pseudoaneurysm, or suggested by multilobulation (see 
Sect. 7.8.4; Fig. 7.132, p. 536). 

All procedures are carried out under general anesthesia. After femoral 
puncture, a 5- to 6-F guiding catheter is positioned in the main arterial 
trunk harboring the aneurysm (internal carotid or vertebral artery) and 
the patient is given a bolus of intravenous heparin (50 IU/kg) followed by 
an infusion to maintain full heparinization (500-1,000 IU/h). For rup- 
tured AAs treated at the acute stage, heparin is preferentially started after 
deployment of the first coil into the AA cavity. 

The lesion is approached under fluoroscopy and road mapping. All 
ruptured cases are embolized with GDC-10 coils. GDC-18 coils are used 
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Fig. 7.128A-C. Ruptured ACA 
aneurysm. A Volume rendering 
posterior view of the AComA. 

B Surface rendering. C Elec- 
tronic dissection in surface 
rendering. Surgical treatment 
was performed 



Fig. 7.129A, B. Ruptured superior cerebellar micro-AA. A False sac (arrow); B with 
fluid level (arrow) 







534 7 Aneurysmal Vasculopathies 





Fig.7.130A-C. Ruptured basi- 
lar tip arterial aneurysm. 

A Conventional angiogram. 

B Surface rendering. C Virtual 
endoscopy 



for unruptured AAs larger than 8 mm; if smaller, continuous coaxial 
saline solution flushing (without heparin) into the guiding catheter and 
microcatheter is used; the anticoagulation management aims to achieve 
an ACT greater than 300. Dense packing is attempted in every case. We 
avoid overpacking a ruptured AA, as it is clearly associated with intra- 
operative rupture and secondary migration of coils into the false sac 
(Fig. 7. 133, p. 537). In addition, it is our experience that secondary induced 
thrombosis occurs even without overpacking (Fig. 1.137). We prefer not to 
use the remodeling technique in the ruptured AA at the acute stage (see 
Chap. 14). 

We assess the rate of occlusion as follows: complete angiographic ex- 
clusion of the sac is considered a 100% occlusion, a persistent orifice 
demonstrated on one or two projections is equivalent to 90%-99% and 
80%-89% occlusion, respectively, while partial opacification of the sac is 
demonstrated. 

For 24 h, full heparinization is maintained, with the activated clotted 
time at a level twice as high as normal in order to avoid clotting compli- 
cations in the parent artery. In general, the introducer sheath is left in 
place during this period and removed after the discontinuation of he- 
parinization and normalization of the clotting time. All patients with rup- 
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Fig. 7.131A-D. MRA aspect in 
A volume, B surface rendering, 
and C, D electronic dissection 
of a basilar tip arterial aneu- 
rysm. (From Bontozoglou et al. 
1994, with permission) 




tured aneurysms are treated in the acute phase with calcium channel 
blockers. 

At day 1, plain X-ray films of the skull are obtained to document the 
position and stability of the coils. After heparin has been stopped, an- 
tiplatelet therapy (aspirin 250 mg/day) is initiated and can be continued 
until the first angiographic follow-up study. Follow-up with plain skull 
X-rays is a good way of anticipating changes in the immediate postopera- 
tive results; however, the follow-up angiogram provides a more precise 
assessment of the AA disease, in particular with the cases that harbor 
multiple AAs. 

Follow-up includes general and neurological examination. Clinical 
evaluation is recommended using the Glasgow Outcome Scale (GOS) and 
the Karnofsky score (Tables 7. 1-7.7). The latter, although designed initial- 
ly for patients suffering from brain tumors, seems useful since it provides 
more precise evaluation of quality of life in patients with a good GOS. 
Plain X-ray films of the skull can be taken at regular intervals to anticipate 
AA changes, either from packing or regrowth. In the New York experience, 
such easy control was reliable in predicting AA changes and in indicating 
more precise morphological evaluation (Hwang et al. 2000). 

Follow-up angiography is performed in all cases (at 3 months, depend- 
ing on the immediate result obtained) 1 year after the initial procedure. 
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Fig. 7.132. Subarachnoid hemorrhage (A) from AComA arterial aneurysm (B); 95% 
coiling at the acute stage (C). Follow-up at 6 months shows completion exclusion of 
the arterial aneurysm (D). At 5 years, the result was stable (E) 
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Fig. 7.133. A, B Frontal internal 
carotid artery angiogram be- 
fore and after coiling; C imme- 
diate plain skull X-ray film; 

D oblique ICA angiogram at 
3-month follow-up. Typical 
compaction, at 3-month follow- 
up, of a coiled ruptured arterial 
aneurysm (AA); no AA growth. 
Repeat embolization was the 
elected treatment 




When the AA is considered totally excluded, follow-up tests are done at 
3 years. Intermediate follow-up examinations at 6 and 18 months may be 
proposed in cases of partial occlusion of the AA and/or if recanalization 
or regrowth of the lesion are demonstrated. If needed, the AA is again em- 
bolized with GDCs during one of these sessions (Fig. 7.133). The role of 
contrast-enhanced MRI in the follow-up of coiled AAs appears to be en- 
couraging. 

Between 1993 and 1998, 225 AAs seen in 203 patients were reviewed by 
Fuse et al. (2000). Of these lesions, 201 (in 180 patients) were treated. A fe- 
male dominance was noted (64.5%) with a mean patient age of 44.3 years. 
They treated 65.6% of the patients in at the acute phase after intracranial 
hemorrhage, 72% of them being Hunt and Hess grade 1 or 2. Most of these 
AAs (73.6%) were located in the anterior circulation. In 86. 1% of cases, the 
AA was smaller than 10 mm; 85.6% of the AAs needed only one session of 
endovascular therapy. None of the unruptured AA patients died. Overall 
management mortality was 11% in ruptured AAs (3.5% in HH1-2, 30.3% 
in HH3-5). Technical or transient complications occurred in 1 1.6% of cas- 
es, but permanent morbidity was seen in 3.1% of cases. Follow-up an- 
giograms were done 3 months and 1 year after therapy. In doubtful cases, 
a follow-up angiogram at 6 months was also done. A 100% occlusion rate 
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was noted in 60.8% of cases; 22.8% of AAs were occluded between 
90%-99%, and 13.3% between 80%-90%. Only 3.1% of AAs had an occlu- 
sion rate of less than 80%. The ruptured basilar tip AA of one patient that 
was partially coiled (<90%) regrew and rebled 3 months later. The patient 
declined the recommended complementary surgery. None of the others 
rebled. 



7.8.3 Results of the Endovascular Approach 

The review of the literature is particularly disappointing. The manage- 
ment of ruptured and unruptured AAs is clearly not the same from one 

region to another (Europe, USA and Canada). 

- Different AAs are coiled depending on the region, with large (>15 mm) 
to giant AAs (>25 mm) making up over 10% and reaching as many as 
50% of the lesions treated in the North American series (Malisch et al. 
1997; Vinuela et al. 1997; Lempert et al. 2000; Eskridge et al. 1998), com- 
pared to only 5% in European series (Cognard et al. 1998; Fuse et al. 
2000; Byrne and Molyneux 1999). 

- Results may include parent artery occlusion (in 25% of cases of Lem- 
pert et al. 2000). 

- The number of ruptured AA patients with low (4 or 5) Hunt and Hess 
grades at admission is also consistently different (under 11% of pa- 
tients in European series and over 25% in the American series). 

- Assessment of AA multiplicity is often unclear and the quality of mor- 
phological screening variable, leading to diagnosis of multiple lesions 
ranging from less than 10% to more than 30%. 

- In series with both ruptured and unruptured AAs, the clinical outcome 
(GOS) per Hunt and Hess grade sometimes includes unruptured AAs. 

- Morbidity related to the procedure is extensively commented but the 
results of other teams are not mentioned, even with similar patient 
groups. The so-called self-learning curve is apparently accepted al- 
ready published pertinent patient series. 

- Mortality is often difficult to assess since the mortality related to the 
SAH is part of the results in patients treated by coiling. It is sometimes 
extremely low in comparison to the high grades at admission when the 
paper focuses solely on the aneurysm treatment, thus considering tech- 
nical complications only. 

- Long-term follow-up results are difficult to obtain since authors are 
reluctant to analyze the results of coiling in a more homogenous sub- 
group of patients. The clinical capacity of neuroradiologists to organ- 
ize and plan morphological and clinical follow-up, particularly in rup- 
tured AAs, also varies from center to center and from region to region. 

- Some series have included AAs associated with BAVMs or dissecting 
AAs. 

- In different institutions, the priority given to the endovascular ap- 
proach versus surgery for saccular AAs less than 15 mm varies from 
25% embolized to over 85%. The selection of patients appears to de- 
pend greatly on the role played by the neurosurgical team in the deci- 
sion-making process. 
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The volume of cases that has been amassed argues that coiling is success- 
ful at providing acute protection from recurrent hemorrhage (Leber et al. 
1998; Lempert et al. 2000; Byrne and Molyneux 1999; Lemme-Plaghos 
1999; Cognard et al. 1998; Malisch et al. 1997; Vinuela et al. 1997; Fuse et al. 
2000; Molyneux, IS AT 2002). The emphasis is thus shifted to the long-term 
outlook, largely because of the proven track record for surgery in this re- 
spect. Surgical success has been documented not so much by formal, qual- 
ity studies as by a volume of collective experience over many years. Clin- 
icians and patients continue to worry about coil compaction, aneurysm 
regrowth, and residual body or neck filling, while the significance of these 
findings remains uncertain. On the other hand, if clinical follow-up is the 
appropriate method, then one may decide to ignore small neck remnants 
or changes in coil mass appearance as long as the patient does not suffer 
from a rebleed. The duration required for clinical follow-up would neces- 
sarily be longer, requiring a certain number of patient-years to reassure us 
that the risk is below some arbitrary, acceptable limit. To accumulate 
enough experience, one must bear in mind the difference between follow- 
ing many patients for a short duration versus fewer patients for a long 
time. Although both may yield the same number of patient-years, long- 
term follow-up is essential, since recurrent bleeding is not a random 
event. The protection may be good for several years until the vessel has 
been remodeled in an adverse way, at which time there is a renewed risk 
ofSAH. 

During a 5-year period, 317 patients presenting with aneurysmal 
SAH were successfully treated by coil embolization within 30 days of 
hemorrhage (Byrne and Molyneux 1999). Patients were followed for 
6-65 months (median, 22.3 months) by clinical review, angiography done 
6 months after treatment, and annual questionnaires. Stable angiograph- 
ic occlusion was evident in 86.4% of small and 85.2% of large aneurysms, 
with recurrent filling in 38 (14.7%) of 259 aneurysms. Rebleeding was 
caused by aneurysm recurrence in four patients. The annual rebleeding 
rates were 0.8% in the first year, 0.6% in the second year, and 2.4% in the 
third year after aneurysm embolization, with no rebleeding in the subse- 
quent year. Rebleeding occurred in three (7.9%) of 38 recurrent aneurysms 
and in one (0.4%) of 221 aneurysms that appeared stable on angiography. 

A total of 2,069 patients were treated in California for unruptured 
aneurysm (Feinberg et al. 2001). Adverse outcomes were more frequent in 
the 1,699 patients treated with surgery (25%) than in those treated with 
endovascular therapy (10%,p<0.001). The difference persisted after mul- 
tivariable adjustment (surgery vs. endovascular therapy: odds ratio for 
adverse outcomes, 3.1; 95% Cl, 2.5-4.0; p<0.001). Adverse outcomes de- 
clined from 1991 to 1998 in patients treated with endovascular therapy 
(p<0.005) but not for surgery. In-hospital deaths occurred in 3.5% of 
surgical cases and 0.5% of endovascularly treated cases (Cl, 3.5-11.4; 
p>0.001). Total length of stay and hospital charges were greater in surgi- 
cal cases (p>0.001). Results were similar in a confirmatory analysis focus- 
ing on treatment differences between institutions. Institutional treatment 
volume was also associated with outcome but did not account for the dif- 
ferences between surgery and endovascular therapy. 
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In a large cohort of patients with unruptured intracranial aneurysms 
treated at 60 university hospitals in North America between 1994 and 
1997, in-hospital mortality was 2.3% and adverse events were observed in 
an additional 18.5% of patients. Similarly, Yamashita and co-workers 
(2000) reported on a large cohort of patients with unruptured intracranial 
aneurysms treated aggressively with prophylactic surgery at different 
neurosurgical centers in the Yamaguchi prefecture in Japan. Surgical in- 
tervention in these patients was accompanied by a combined morbidity 
and mortality rate as high as 20%. 

The degree of packing required for optimal clinical results is as yet 
unresolved; terms such as “sufficient” and “overpacking” are emerging to 
describe the beliefs of each therapeutic team regarding the ideal morpho- 
logical end point results. 

In a prospective study, Acevedo et al. (1997) showed over 267 surgical- 
ly treated ruptured AAs in 217 patients, 17 (6.3%) had an incompletely 
clipped AAs (4.1% neck residue, 2.2% AA sac remnant). Some locations 
gave a higher rate of postoperative remnants AchA + OPH-ICA (5/22 
cases), while others had a lower rate (MCA, 1/75). 

It is clear that incomplete packing beyond a certain point will often lead 
to recanalization and/or compaction, and thus an ongoing risk of hemor- 
rhage (Cognard et al. 1998; Gurian et al. 1995; Horowitz et al. 1999; Martin 
et al. 1996; Murayama et al. 1999; Vinuela et al. 1997; Yoichi et al. 1999). 
However, there is a difference of opinion on whether very tight packing 
to the absolute limit of feasibility (failing to deploy the final attempted 
coil or doing so with significant friction and repositioning of the micro- 
catheter within the aneurysm) is necessary. One may imagine that more 
coils are always better, but this strategy comes at a cost (including finan- 
cial), but more importantly at a cost of potential intra- and postoperative 
risk to the patient. There is, for every aneurysm, a certain stage at which 
the change in flow within the aneurysm due to a given mass of foreign ma- 
terial will lead to a favorable clinical course with thrombosis and exclu- 
sion of the aneurysm from the circulation. Any coil added after this stage 
incurs additional risk and cost without achieving further benefit. The 
stage at which this happens maybe influenced by a number of factors, in- 
cluding aneurysm size, direction of flow vis-a-vis the aneurysm neck, 
neck width, and so on. The degree of packing required to achieve this suc- 
cess is one of the many factors that can vary among teams, and about 
which a given group may feel very strongly, yet which has not been sys- 
tematically studied to determine the best protocol to follow (Porter’s com- 
ment on Fuse et al. 2000). 

Batista et al. (2002) reviewed a series of coiled AA patients with 5 years 
follow-up and showed no bleed from previously treated AAs, even if there 
was a small remnant at the neck. In addition, nearly 35% of 90 excluded 
ruptured AAs by coiling completed their obliteration within the first year. 
No further morphological change was seen if the result was stable at the 
3-year follow-up examination. This could correspond to the classic 3-year 
cycle for complete remodeling of the vasculature advanced by Folkmann 
( 1995). Interpretation of the results obtained varies with the quality of ini- 
tial assessment and follow-up. In particular, the use of 3-D pictures helps 
demonstrate previously unseen associated locations, for the most part at 
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Fig. 7.134. Ruptured left MCA division aneurysm on conventional (A), volume ren- 
dering (B), and (C) surface rendering images. Follow-up after coiling (D-F). Analy- 
sis of the posterior surface of the left MCA aneurysm before and after coiling shows 
no abnormality. G-I see p. 542 
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Fig. 7.134 (continued). Follow- 
up after coiling (G-I). Analysis 
of the posterior surface of the 
right MCA aneurysm shows ab- 
normal blebs. The patient was 
subsequently operated on a few 
days after the coiling procedure 



the posterior aspect of the ICA, MCA, or basilar tip divisions (Figs. 7.95, 
7.134). Coiling of unruptured AAs probably requires different attention, 
since an incompletely coiled lesion (90%— 99%) usually remains un- 
changed, as if the ruptured AA contributed to the healing process induced 
by the coils. The degree of change depends on the size of the AA: the big- 
ger the pouch the more likely the chances of compaction or regrowth. 

The most classic intra- and postoperative complications related to the 
coil treatment and independent of the complication resulting from the 
SAH (in ruptured cases) are the following: 

- Mechanical rupture of the AA 

- Parent artery clot formation (Fig. 7.135) or dissection 

- Distal emboli 

- Coil prolapse (Fig. 7.136) 

- Secondary thrombosis or induced spasm (Fig. 7.137) 



Fig.7.136A-E. Ruptured ► 
2.5 mm internal carotid artery 
(ICA) termination aneurysm 
(A, B). Insufficient packing be- 
cause of fear of rerupturing the 
adjacent false sac was associat- 
ed with prolapse of two loops 
of the endosaccular coil with- 
out clinical sequel. The patient 
was kept on heparin and re- 
mained asymptomatic, although 
follow-up 2 weeks later showed 
vasospasm of the distal ICA 
and proximal Ml segment (C). 

D, E Follow-up angiograms at 
3 months and 4 years show pro- 
gressive coverage of the pro- 
lapsed coil and resulting pro- 
jection outside the vessel wall 
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Fig.7.135A,B. Immediate follow-up angiogram after coiling of a ruptured ICA-OPH 
aneurysm. Evidence of an intraluminal clot (arrow) (A). The patient was asympto- 
matic and was treated for 1 week with heparin, and thereafter with aspirin, until the 
next follow-up angiogram 3 months later, which showed the complete disappearance 
of the clot (B) 








544 7 Aneurysmal Vasculopathies 




Fig. 7.137. A 50-year-old male patient with incidentally discovered middle cerebral 
artery aneurysm (A) was treated with coiling (B, C). While on heparin therapy and 
neurologically intact, 24 h later vague symptoms stimulated an MRI, which showed 
opercular ischemia (D, E). He was kept on heparin for 2 weeks. Some loss of cogni- 
tive abilities occurred but he made a complete recovery and returned to work in 
6 months 
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Many of these will be managed without neurological consequences and 
often medically. 

Rebleed in previously coiled patients (for ruptured or unruptured AA) 
will need careful investigation before making definitive statements and 
require very precise imaging examinations. In our experience, bleed or 
rebleed in such population groups was only once caused by AA regrowth 
and the patient refusing to undergo recommended surgery (Fuse et al. 
2000). All the other cases involved de novo AAs in the area of a previous- 
ly demonstrated AA (Fig. 7.138) or remote from the former operative field 
(Fig. 7.139). 

Jayakrishnan (2001) reported a case of multiple intracranial aneurysms 
in which mirror aneurysms at the middle cerebral artery bifurcation were 
found initially during the screening of the ruptured left-sided aneurysm. 
Six years later, the patient had subarachnoid hemorrhage on the right 
side. Three-dimensional angiography.showed that the rupture came from 
a de novo aneurysm that had developed separately from but adjacent to 
the unruptured aneurysm already demonstrated 6 years earlier, which 
was actually unchanged. 

Intracranial aneurysms may develop over a short period of time and 
either rupture immediately or remain stable without rupturing (Interna- 
tional Study of Unruptured Intracranial Aneurysms 1998). If Jayakrish- 
nan’s patient had had treatment for her incidental aneurysm it might not 
have protected her from future SAH, and moreover, if she had undergone 
endovascular treatment, it would have been considered a failure of thera- 
py at the time of the second SAH. The concept of single AA and results 
obtained over a lifetime needs serious review in order to realistically 
take into account the reality of multiple lesions and de novo locations 
in aneurysmal vasculopathies now being recognized (see below in this 
section). 

However, how good these results are depends not on comparison to oth- 
er groups, but rather on comparison to the best alternative treatment and 
ultimately to the natural history of the disease (which is particularly per- 
tinent for unruptured aneurysms). To be excellent or even the best at 
delivering a given therapy is not sufficient to warrant adoption if that 
management strategy still does not produce better outcomes than the dis- 
ease if untreated. The true natural history is often difficult to determine, 
since almost all series incorporate some degree of selection bias when de- 
termining which patients make up the untreated group. However, the pub- 
lication on unruptured aneurysms (International Study of Unruptured In- 
tracranial Aneurysms 1998), although potentially biased toward a benign 
natural history, suggests that our therapy may have to carry extremely low 
risks in order to justify treatment. The spontaneous risk of hemorrhage is 
considered as low as 0.05%/year for AAs less than 10 mm with no history 
of previous SAH, and about 1 1 times higher in patients who had a history 
of SAH from a different aneurysm that was repaired successfully. 

If one considers that the incidence of AA is 3%-5% in Western popula- 
tions and the incidence of SAH is 10/100,000 in the same population 
group, Wieber’s statement that most intracranial aneurysms do not rup- 
ture is probably valid (International Study of Unruptured Intracranial 
Aneurysms 1998). 
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Fig. 7.138. A, B A 27-year-old male patient with previous medical history of sub- 
arachnoid hemorrhage in 1995 due to rupture of the left posterior communicating 
artery aneurysm. C-E The aneurysm was treated at that time by embolization with 
Gugliemi detachable coils (GDCs) and satisfactory occlusion was obtained, con- 
firmed on several follow-up angiographic images between 1995 and 1998. The pa- 
tient was then lost to follow-up. F-I see p. 547 



A total of 2,621 patients at 53 participating centers in the United States, 
Canada, and Europe were enrolled in Wieber’s study, which had retro- 
spective and prospective components. 

In the retrospective component, the natural history of unruptured in- 
tracranial aneurysms in 1,449 patients with 1,937 such aneurysms was 
assessed. 

Group 1: 722 with SAH from another AA 
Group 2: 727 with no history of any sort of SAH 

In group 1, the cumulative rate of rupture of aneurysms less than 10 mm 
in diameter at diagnosis was less than 0.05% per year (less than one-tenth 
that of group 1). The rupture rate of aneurysms that were 10 mm or more 
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Fig. 7.138 ( continued ). F, G Six years later, he was readmitted in emergency for 
recurrent acute headache. CT showed a new subarachnoid hemorrhage near 
the PCom region. Angiography confirms stable result of the previously embolized 
aneurysm and demonstrates a de novo aneurysm 8 mm in diameter of the PComA 
itself. H, I This second aneurysm was also successfully treated by embolization 



in diameter was less than 1% per year in both groups, but in group 1, the 
rate was 6% the first year for giant aneurysms (>25 mm in diameter). The 
size and location of the aneurysm were independent predictors of rupture. 

In the prospective component, the treatment-related morbidity and 
mortality in 1,172 patients with newly diagnosed unruptured intracranial 
aneurysms was assessed for the period 1991-1995. 

- Mortality (at 30 days): 2% 

- Morbidity (at 30 days): 15% 

- Mortality (at 1 year): 4% 

- Morbidity (at 1 year): 12% 

The overall rate of surgery-related morbidity and mortality was 15.7% 
and 13.1%, respectively, at 1 year. Age independently predicted surgical 
outcome. 
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Fig. 7.139A-E. Mirror middle cerebral artery (MCA) aneurysm found initially with 
rupture of the left-sided lesion. A Right carotid angiogram shows a 2-mm aneurysm 
(arrow) at MCA division. B Left carotid angiogram shows the ruptured saccular 
aneurysm at MCA bifurcation. Six years later, the patient had a new subarachnoid 
hemorrhage on the right side. C-E Right carotid angiogram shows a lobulated sac- 
cular aneurysm; 3-D angiograms, viewed from behind, show the previous small 
aneurysm ( arrows ) separate from a new one believed to be responsible for the new 
subarachnoid hemorrhage. This de novo aneurysm had developed separately from 
but adjacent to the already present aneurysm on the right side. (Jayakrishnan et al. 
2001, with permission) 








Management of Multiple Arterial Aneurysms 549 



In conclusion, the risk of morbidity and mortality related to surgery 
greatly exceeded the 7.5-year risk of rupture among patients in group 1 
with unruptured intracranial aneurysms less than 10 mm in diameter. 

Within any group of patients there will always be heterogeneity. Patients 
are frequently categorized according to clinical grade, age, aneurysm size, 
etc., in order to gauge and compare outcomes while in some way account- 
ing, at least qualitatively, for baseline differences in patient populations. 
However, the traditionally used variables may be insufficient, since a 
saccular aneurysm in isolation may carry a significantly different natural 
history or therapeutic risk than a saccular aneurysm in a patient with 
multiple aneurysms, mirror aneurysms, or a positive family history, as 
these may reflect very different diseases. This is analogous to the situation 
in brain AVMs, where the morphological distinctions are recognized but 
the significance of subgroups may still not be fully appreciated (Lasjau- 
nias 1997b). 

The following conclusions can be derived from our combined experi- 
ence with over 1,000 A As coiled in our centers over the past 10 years, 
considering that the technique we used was similar and stable, despite 
various referral differences (see above in this section and Chap. 14, this 
volume). 

- In randomly referred ruptured AA cases, embolization is always con- 
sidered first unless a life-threatening hematoma needs evacuation. 

- With this strategy, two-thirds of ruptured AAs are primarily embolized. 

- AAs of the MCA make up less than 10% of embolized cases. 

- Since the advent of 3-D angiography, we have diagnosed multiple AAs 
in 30% of patients. 

- Embolization is successful in over 90% of cases. 

- Transient procedure-related neurological complications are seen in 
5%-6% of cases. 

- Permanent procedure-related neurological complications are seen in 
2%-3% of cases. 

- Mortality related to the procedure is seen in 2% of patients. 

- When 3 years of morphological stability is obtained, no further change 
occurs. 

- No bleeding was observed in follow-up of this group of coiled ruptured 
AAs. 

- In unruptured saccular AAs that are less than 15 mm treated by coils, 
no rupture from the treated AAs occurred at follow-up. 



7.8.4 Management of Multiple Arterial Aneurysms 

When managing an AA patient with or without SAH, one must always 
bear in mind the high incidence of aneurysm multiplicity and scrutinize 
the original angiogram for potential multiplicity and particularly for mir- 
ror locations (Figs. 7.95, 7.135, 7.139). In addition, AAs are seldom a focal 
problem, particularly if one of the therapeutic goals of treatment is the 
prevention of bleeding or rebleeding. 

Porter et al. (2001) reviewed 122 consecutive patients, with a total of 305 
aneurysms, managed between 1993 and 1999. The patient population had 
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a rate of intradural aneurysm multiplicity (26.4%) within the range of 
previous studies, which have been reported to be between 7.7% and 44.9% 
(Qureshi et al. 1998; Rinne et al. 1994; Wilson et al. 1989; Juvela et al. 2000). 

The probability that an aneurysm at a given site could be responsible 
for hemorrhage is potentially useful information in cases of uncertainty 
regarding which aneurysm has bled. Previous information implies that 
anterior communicating, posterior inferior cerebellar, and basilar loca- 
tions have a high probability of rupture, and MCA a low risk (Nehls et al. 
1985). In Porter’s series (2001), posterior inferior cerebellar and anterior 
communicating locations were significantly more frequently responsible 
for SAH, while paraophthalmic aneurysms were less frequently responsi- 
ble. Clearly, other criteria are required to determine which among several 
aneurysms visualized was the source of bleeding. In the past, a large num- 
ber of criteria have been used to make this judgment, including clinical 
signs (e.g., focal neurological findings), electroencephalography, a local- 
ized pattern of bleeding on CT or MRI, and angiographic criteria, includ- 
ing focal mass effect or vasospasm, intra-aneurysmal clot, proximity 
along a vessel, and aneurysm size or irregularity (lobulation, false sac) 
(Figs. 7.128, 7.134, 7.136) (Almaani and Richardson 1978; Hackney et al. 
1986; Nehls et al. 1985); many of the criteria used previously continue to 
add useful information, but in isolation are often not definitive. 

For example, the CT scan added useful information in the majority of 
cases (69%), yet Lee et al. (1996) pointed to the risk of false localization. 
This is a risk in patients who lost consciousness at the time of the stroke: 
they may collect blood by gravity in the opposite cistern to the actual he- 
morrhagic site. Others may have arachnoid scarring from previous hem- 
orrhage or surgery, which could make the spread of subarachnoid blood 
atypical. Four decades ago, Wood (1964) reported the tendency for the 
largest aneurysm to be responsible for the bleed. This was the case in 
85.7% of patients in Porter’s (1991) study. Greatest neck width was almost 
equally correlated, since the aneurysm with the largest neck had bled 81% 
of the time. Aneurysm irregularity, and in particular the presence of a 
false sac, remained the most important and definitive piece of informa- 
tion for determining which aneurysm had bled. The term “false sac” is a 
radiological one, and should not be confused with the traditional patho- 
logically defined “false aneurysm.” The two terms may or may not refer to 
the same entity, and thus in the absence of a radiological-pathological 
correlation, they should be considered as separate. Using all of the above 
criteria, the choice of the culprit aneurysm is obvious in more than half of 
the cases (54.7%). Even assuming that all cases classified as “probable” 
were correct, there were still 14.3% of patients for whom there was signif- 
icant uncertainty about which aneurysm had ruptured. 

Older studies have reported numbers as low as 48% for determining the 
causal lesion, while more recent reports state the ability to identify the 
aneurysm that bled in 97.5% of cases. Regardless of the precise percent- 
age, in most cases we can be fairly confident of which aneurysm bled, but 
we must ensure that we never misjudge, and as a result fail to treat a rup- 
tured aneurysm. The degree of uncertainty may have implications for the 
type of therapy used for a given patient. 
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Surgery has often been recommended in the past because of the ability 
to treat many aneurysms during the same surgical exposure or the same 
surgical session with bilateral craniotomies (Edner 1991). In fact, it has 
previously been estimated that as high as 63% (Rinne et al. 1995) and 
74% (Ulrich et al. 1997) of multiple aneurysm patients could have all 
aneurysms treated with a single craniotomy. In Porter’s (1991) series, this 
estimate was only 46.4%, similar to the 53% reported by Hino et al. (2000). 
Endovascular therapy alone is a very good option, for example if multiple 
craniotomies would be required for treatment, but only if all aneurysms 
that are potentially responsible for the hemorrhage have appropriate 
morphology to be treated in this manner. When this is not the case, the 
direct surgical approach (if they are all in one territory) or combined 
surgery and coiling is preferable. Although coiling of several aneurysms 
(Van Rooij and Tijssen 1999; Solander et al. 1999) has been performed in 
a single session, (Figs. 7.140, 7.141), we have concerns that working for a 
prolonged time in one or more vessels will put multiple vascular territo- 
ries at risk for thromboembolic complications simultaneously and in- 
crease treatment-related risk. We would therefore only recommend such 
interventions in ruptured AAs and for treating the AA in the same circu- 
lation, starting with the vessel that is likely to have bled, and if it is not 
known, starting with the most distal one. Currently, endovascular and 
surgical approaches are often combined in a variety of situations: with by- 
pass (in stroke or a fusiform AA), to treat an AA regrowth after clipping 
or to operate on a regrown noncoilable AA, and to coil a broad-base AA 
after surgical reduction in its neck in mirror locations with unruptured 
AA below 2 mm (Figs. 7.142-7.146). 

One may also indirectly validate the criteria used for choosing which 
aneurysm has bled at clinical follow-up, by demonstrating the absence 
of rebleeding. If the wrong aneurysm was selected for treatment the ob- 
served rebleed rate should follow the natural history of a ruptured, un- 
treated aneurysm. 

This is initially very high (4% in the first 24 h), reaches a cumulative 
value of 50% at 6 months, and thereafter is approximately 3% per year. 
Taking the total patient follow-up time among hemorrhagic patients, 
from the time of treatment of the first aneurysm until death or the treat- 
ment of other aneurysms, and using the above figures, one would expect 
to see a significant number of rebleeds [26 in Porter’s (1991) series] if the 
wrong aneurysm was consistently being treated. Thus, the absence of any 
rebleed observed in these patients following SAH argues that the criteria 
used for determining which aneurysm has bled are reliable, although we 
could still be wrong some of the time and be fortunate enough to not have 
the patient suffer a rebleed during the observation period. 

Failure to recognize all aneurysms on the initial study still remains 
a significant source of error. Clearly, the implications of missing an 
aneurysm in the acute phase after SAH are even greater, since it may be- 
come the source of bleeding and thus missing it would place the patient at 
risk of recurrent hemorrhage. 

Other authors have reported similar problems in the past (Hino et al. 
2000; Rinne et al. 1995; Yasui et al. 1996). Yasui et al. report that seven out 
of 25 patients presenting with hemorrhage from previously unruptured 
aneurysms had the aneurysms missed on original studies. 
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Fig. 7.140A, B. A 57-year-old female patient, who had had a subarachnoid hemor- 
rhage 30 years before. Consultation for dizziness and discovery of two vertebrobasi- 
lar junction AAs on vertebral artery angiogram (A). Both were treated in the same 
session with coils (B) 









Fig. 7.141. A, B Same circula- 
tion internal carotid artery 
aneurysm, treated during the 
same session (C, D) 
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Fig. 7.142. A 59-year-old male 
patient presented with right- 
sided cerebral stroke due to 
internal carotid artery occlu- 
sion (A). Incidental discovery 
of an unruptured aneurysm 
of the AComA (B). The patient 
had no residual neurological 
deficit from the stroke. Ex- 
tracranial- intracranial by-pass 
was performed (C). D, E A few 
days after the STA-MCA anas- 
tomosis preventive exclusion 
of the AcomA aneurysm by 
endovascular approach is per- 
formed 
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Fig. 7.143. Investigation for tinnitus lead to the discovery of an internal carotid ar- 
tery (ICA) aneurysm (A) for which surgery was performed. Follow-up angiogram 
10 years later showed regrowth of the aneurysm (B). Coiling was performed and fol- 
low-up angiograms 1 year (C) and 8 years later showed stable result (D) 




Fig. 7.144A, B. Legend see p. 555 











Management of Multiple Arterial Aneurysms 555 




Fig. 7.144A-H. Mirror internal carotid artery ophthalmic aneurysm. A-D On the 
right side, volume and surface rendering images provided information which helped 
coil the aneurysm without remodeling. E-G On the left side, surface rendering im- 
ages provided information leading to the decision to clip this aneurysm. H Follow-up 
after both treatments 
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Fig. 7.145. A Ruptured right internal carotid artery aneurysm with false sac, B asso- 
ciated with mirror aneurysm. C Plain skull film after treatment 



Kato et al. (1997), discussing 16 of 1,524 fully grown A As, pointed to the 
period before recurrence is noted. AAs that recurred within 1 year after 
clipping had become larger 18.5 days on average after clipping; those that 
recurred 1 year or more after clipping became larger 7.3 years on average 
after clipping. Two patients had new AAs at other sites, three others de- 
veloped AAs near the previously treated one, yet with no continuity 
(Fig. 7.147); two more had small bud-like AAs located on a distal branch 
of the MCA. 

Hino et al. (2000) found that among patients with multiple aneurysms 
presenting with SAH, in five out of six cases where the aneurysm respon- 
sible for the bleed was not correctly diagnosed preoperatively, it was a 
problem of the aneurysm being missed on the original angiogram. Au- 
topsy data have confirmed angiographic misses, with 12% of patients 
thought to have a single aneurysm actually harboring more than one, 
and 8% of patients with recognized multiple aneurysms on angiography 
having more than expected (McKissock et al. 1964). The use of rotational 
angiography (with or without 3-D reconstruction) and close scrutiny of 
the angiogram by one or more individuals may help to reduce these num- 
bers (Figs. 7.95, 7.138, 7.139). 
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Fig. 7.146A-G. This 46-year-old male patient had presented with several hemor- 
rhagic episodes during the past 20 years and a giant AComA had been previously 
clipped but demonstrated recurrence. A3 ACA aneurysm associated with a medium- 
sized frontal arteriovenous malformation(AVM) was also noted (A-C). D-G The 
proximal aspect of the multilobulated recurrent AComA aneurysm was preventively 
coiled prior to embolization of the AVM 







1 ' ■ , I 


feu B 






' ASH 












558 7 Aneurysmal Vasculopathies 










Management of Multiple Arterial Aneurysms 559 





Fig. 7.147. December 1999: non-contrast CT demonstrated hematoma in right tem- 
poral lobe with subarachnoid hemorrhage in right sylvian fissure (A). B Subsequent 
cerebral angiogram revealed an aneurysm at the right middle cerebral artery (MCA) 
bifurcation with small neck remnant of the aneurysm on the postoperative an- 
giogram (C). April 2000. Patient was asymptomatic but regrowth of the aneurysm 
in the subsequent cerebral angiogram was noted (C). Small neck remnant persisted 
after second surgical clipping (D). Frontal internal carotid artery angiogram revealed 
partial thrombosis and decreasing size of the aneurysm after the failed STA-MCA 
by-pass surgery (F). September 2000. The neck of the aneurysm enlarged further to 
become a bilobed aneurysm 5 months after the second clipping (E). One week after 
the surgical attempt, transient (2 days) left-sided upper limb weakness occurred. The 
aneurysm became smaller with a clot within the sac of the aneurysm (G). Flow to 
the distal MCA branches was decreased and the caliber of the MCA branches was 
diminished. October 2000. Frontal (H) and lateral (I) cerebral angiogram show com- 
plete obliteration of the aneurysm and the right MCA at its bifurcation. J Throm- 
bosed right MCA extended to the first insular branch. Clinically, mild weakness of the 
right hand persisted but slowly recovered with physiotherapy. (From Tan et al. 2001, 
with permission) 
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Fig. 7.148. Patient had presented with subarachnoid hemorrhage and three arterial 
aneurysms (AAs) were demonstrated: one was coiled, one was operated on, and the 
third was left untreated {arrow) (A). Three-year follow-up angiogram (B) showed 
significant shrinkage of the untreated AA (arrow) 



Thus, a major problem in patients with multiple aneurysms is recog- 
nizing all the aneurysms, not only choosing the correct one responsible 
for the hemorrhage. Follow-up of these cases is crucial, as it may demon- 
strate spontaneous increase (Fig. 7.147) or shrinkage of untreated AAs 
(Figs. 7.148, 7.149). In other situations, recurrent SAH is wrongly at- 
tributed to the previously coiled or clipped or untreated AA, where in 
fact it was caused by a new lesion either close to or remote from the oper- 
ative site. 

Consequently, one must always be cautious when referring to a newly 
discovered aneurysm as de novo, as opposed to one that is simply recog- 
nized at subsequent angiography (Figs. 7.138, 7.139). Prior studies have 
estimated rates of de novo formation to be approximately 2% per year, 
with a suggestion that the risk may be increased in patients with multiple 
aneurysms (David et al. 1999; Juvela et al. 1993b). Porter’s (2001) data are 
within that range (0.76% of patients per year). Patients may have a clear 
underlying predisposition, Ehlers-Danlos syndrome, PKD1, FMD, or hy- 
pertension (Sakaki et al. 1993). 

Although some studies (Vajda 1992; Rinne et al. 1995; Mizoi et al. 1989; 
Pierot et al. 1997; Solander et al. 1999) have suggested poorer outcomes 
in patients with multiple aneurysms, our surgical and endovascular com- 
plication rates and patient outcomes were not dissimilar from what one 
would expect for single- aneurysm patients. 



7.8.5 Management of Giant Arterial Aneurysms 

Giant AAs have to be discussed nearly on a case-by-case basis, as the 
features vary from one individual to the next. Most of the classic papers 
dealing with giant AAs discussed them almost individually (Drake and 
Peerless 1997; Yasargil 1984; Pia et al. 1979; Suzuki and Yoshimoto 1979; 
Kupersmith 1993; Kim and Choi 2000). The therapeutic morbidity and 
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Fig. 7.149. A Subarachnoid hemorrhage with large basilar tip arterial aneurysm 
(AA). B Incomplete coiling as shown on immediate postembolization angiogram. 
Follow-up angiogram shows both compaction and regrowth of the AA (C). Test oc- 
clusion at the level of the mid-basilar trunk (D) was well tolerated clinically but sig- 
nificant stagnation is seen in the AA. Fearing a major delayed stroke, we elected to oc- 
clude both vertebral arteries (VAs) in two sessions. Following the second sacrifice, 
the patient was placed on heparin therapy for a few weeks. At discontinuation, the 
patient developed mild diencephalic stroke with thalamic dysphasia from which he 
recovered almost completely. E-J see pp. 562, 563 
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Fig. 7.149 ( continued ). Follow-up angiogram 10 years later shows excellent remodel- ► 
ing of the upper basilar system (E, F) and ASA collateral circulation to the right PICA 
(G, H), and cervical to Cl VA on the left. I, J see p. 563 



mortality is often high. The preventive treatment is based on assumptions 
that may not apply to every type (biological). As seen previously, some 
AAs will shrink after completion of their partial thrombosis while others 
may (although rarely) grow unpredictably. The risk of hemorrhage of gi- 
ant AAs is unclear and cannot be balanced against the therapeutic risk un- 
less one is dealing with a dissecting giant AA at the acute stage (Fig. 7.72). 
As discussed above, giant lesions cannot be considered to include ICA 
cavernous, VA, BA, and MCA aneurysms in the same nosological fashion, 
even if the challenge of the parent artery posttherapeutic patency and ex- 
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Fig. 7.149 1, F. Legend see p. 562 



elusion of the AA lumen are a common concern for all of them. Careful 
collection of high-quality pictures of the lesion, arterial layout, sources of 
actual and potential collateral circulation must be thoroughly document- 
ed, including external carotid branches, the leptomeningeal network, and 
the spinal cord (Fig. 7.150), depending on the treatment planned. Given 
that giant AAs are primarily an uncontrolled or repeatedly stimulated 
proliferative situation, assessment of growth factor activity and angio- 
genic potentials will contribute to the future decision and treatment of 
such targets. At present various techniques can be used: 

- Sacrifice of the parent artery with the risk of distal ischemia. 

- Intraluminal coiling with the risk of emboli and secondary compaction. 

- Liquid filling is still under evaluation, with significant technical skills 
required and no significant follow-up available at the present time. 

- Stenting in some favorable extradural situation will also represent a di- 
rection for future management of intradural wide-neck and giant AAs. 

- Surgical approaches and reconstructions or by-passes. 

The goal of treatment has to clearly express correction or prevention of 
mass effect, hemodynamic strokes, risk of hemorrhage, embolic strokes, 
recurrent dissecting process, vasa vasorum rupture, and growth. 

Most of the treated lesions do not recur after parent artery occlusion; 
some do in the immediate postoperative course (Blanc et al. 2001) or after 
spontaneous thrombosis as a peculiar natural course (Meziti et al. 1998). 
The more patent the lumen, the more likely that the shrinkage will be ob- 
tained after complete exclusion of the AA. Early experience of coiling in 
partially thrombosed giant or large AAs was disappointing, with a high 
rate of migration of the coils inside the clotted portion. 
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Fig. 7.150. A 7-year-old boy 
presented with subarachnoid 
hemorrhage from a mid-basilar 
arterial aneurysm (A). Verte- 
bral arteries were occluded 
bilaterally. At follow-up 3 years 
later, there were good collater- 
als to the PICA from the upper 
basilar and ventral spinal arter- 
ies (B, C). Nevertheless, the 
aneurysm was partially filled. 

It was then excluded by upper 
basilar retrograde catheteri- 
zation with no clinical compli- 
cations. (Courtesy of 
J. Bakke) 



In cases with sudden worsening, the inflammatory component of the 
symptoms may require steroid management for a few weeks; this is often 
sufficient to obtain relief of symptoms and conservative management. 
Acute manifestations do not always represent SAH or potential risk of 
SAH by AA rupture. Some of these lesions are chronic (recurrent) or sub- 
acute dissection in the subadventitial space and can probably cause bleed- 
ing focally with a different morbidity and mortality than saccular A A. The 
new dissecting event may also include a perforator and be responsible for 
a nonmechanical symptom (mass effect) instead of being ischemic, which 
would require medical treatment. The capacity of remodeling after com- 
plete AA exclusion is sometimes amazing, in particular in children (see 
Vol. 3). 
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cyanoacrylate 1025 
cyst 

- liver 437 

- renal 433 
cytokinase 10 
cytotoxics 1059 



D 

DAVS (dural arteriovenous shunt) 
565-607 

- associated conditions 590-593 

- cavernous sinus 603, 996 

- classification 570,575-579 

- cranial fossa, anterior 589,602 

- cranial nerve symptoms 580, 581 

- clinical presentation 579-593 

- neurological deficits 

- - focal 582-585 

- - global 585-587 

- foramen magnum 583,589,603 

- historical review 566-569 

- hormonal influence 587,588 

- intracranial hemorrhage 587 

- multiplicity 590-593 

- natural history 594-596 

- pathophysiology 570,571 

- pretherapeutic evaluation 598 

- sagital sinus, superior 602 

- symptoms, progression 596-598 

- tentorium 602 



- therapy 

- embolization 983 

complications 606 

results 606 

timing 605,606 

- indications/strategy 598-602 

- surgery 607 

- technical aspects 605 

- topographic considerations 
602-605 

- tinnitus and objective bruits 581, 
582 

- torcular 583 

- transverse sinus 582,603 
Debrun catheter 957, 958, 960, 1 144 
deconstructive operation 1002, 

1020-1028 

- middle cerebral artery aneurysm 
1023 

- vertebrobasilar junction aneurysm 
1020 

degeneration, neuronal 20 

- anterograde 21 

- axon ( Wallerian ) 21 

- retrograde 21 
delta sign 138 
dextran 1133 
dialysis, peritoneal 433 
diastolic fraction 514 

DIC (dissemianted intravascular 
coagulation) 406 
diplopia 298, 405 
diseases ( see syndromes) 
dissection 106 
-carotid 57-67,1159 

- iatrogenic 65 

- spontaneous 394 

- catheter 1159 

- complications 477 

- fusiform 456, 467, 468 

- healing, spontaneous 468 

- intracranial iatrogenic 1179 

- intradural artery 454-477 

- multifocality 469 

- mural diseases 477 

- process 478 

- subacute 472 

- subadventitial 391 

- subintimal 454 

- vertebral artery 83 

DMSO (dimethyl sulfoxide solvent) 
1083 

dopamine 12,1154 
Doppler 

- color- flow 76 

- transcranial 76,99 
double lumen 393, 395 
drainage 

- bilateral 289 

- external ventricular (EVD) 1141 
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- venous, thrombosed 793 
drug treatment 97 
dual therapy 34 
duplex scan 76 

duplex ultrasonography, carotid 74 
dural venous plexus 572, 573 
DWI (diffusion-weighted imaging) 
70-72,81,100 



E 

echocardiography, transesophageal 
99 

ECST 86,87 
ectasia, segmental 481 
edema, brain 1134 
edematous reaction 490 
EEG 918 

Ehlers-Danlos syndrome 57, 279, 
280,297,387,434,435, 743 
eicosanoids 13 

elastica lamina, internal (IEL) 456, 
479 

electrical current 998 
electrolysis 998, 1039 
embolic agents 

- absorbable materials 970-973 

- coils ( see there) 

- liquid 977 

- nonabsorbable particulate 
materials 974-979 

- particulate agents 969, 970 
embolism 

- cardiogenic 99 

- pulmonary 138 
embolization 

- fluid 1050 

- liquids 1055 

- nonabsorbables 1059-1089 

- silicone fluid 947, 1059 

- partial targeted 788,792 

- palliative 835 
embospheres 977-979 
endarterectomy, carotid (CEA) 

86-89,92,105,1153 

- restenosis 89, 93-97 
Endeavor catheter 952 
endocarditis, subacute bacterial 503 
endoluminal clot 392, 422, 423, 490, 

543 

endoscopy, virtual 534 
endothelial cells 26, 5 1 

- origin 452 

endothelial dysfunction 24 
endothelin 14 
endothelium 10, 25, 94 
Envoy 5-F 935 
ephedrine 923 
EPIC 97 
epidural lake 751 



epidural venous plexus, transvenous 
occlusion 749 

epistaxis 303, 306, 354-359, 409, 
426,674 

- biopsy 359 

- coagulopathy 357 

- emergency treatment 322 

- spontaneous 357 

- traumatic 362,363 

- tumoral 357-359 
EPISTENT 37 
eptifibatide 36 

Equinox catheter 125,956,959, 
1034, 1085 

equipment, angiographic 9 1 7 
esthesioneuroblastoma 199,200 
esthesioneuroepithelioma 224 
ethanol 977 
Ethiodol 1063, 1077, 1093 

- eth&nol-Ethiodol mixture 1079 
ethmoidal artery, anterior/posterior 

567 

ethyl cellulose 1094 
ethylic alcohol 1074-1083 

- arterial system, injection 1075, 
1076 

- arteriovenous malformation, 
injection 1080-1083 

- ethanol-Ethiodol mixture 1079 

- venous malformation, injection 
1076-1080 

EVAL (ethylene-vinyl alcohol 
copolymer) 1059, 1083, 1084 
EVOH ( see Onyx) 

Ewing’s sarcoma 875 
Excelsior 10 microcatheter 938 
exophthalmos 285, 409 
extravasation, contrast material 
359, 361,1136,1139 



F 

facial nerve, monitoring 925, 926 

Fahraeus-Lindqvist effect 8 

false sac 517 

female gender 440 

FGF (fibroblast growth factor) 25 

fibrinogen 35 

fibrinolysis 67 

fibromuscular dysplasia (FMD) 57, 
338,438, 743 

- cervical 415-417 
fibrous cap 26 

filum terminale lesion 767, 789 
Fisher’s grading 369 
fistula, arteriovenous 

- carotid cavernous 520 

- filum 774,802 

-high-flow 337,778,791,991,1066, 
1119,1124 



— congenital 945 

— iatrogenic 341 

— microarteriovenous 801 

— parachordal 

— ascending pharyngeal-internal 
jugular (hypoglossal) 743 

— clinical manifestation 739 

— direct 784 

— general remarks 738-740 

— maxilla artery-to-vein 
(stapedial) 743 

— paraspinal 752-758 

— throacolumbar paraspinal 755 

— vertebro-vertebral (proatlantal 
and intersegmental, VVAVF) 
743-752 

— spinal dural (see SDAVF) 

— tentorial dural 761 

— traumatic 277-363 

— carotid cavernous 522 

— common carotid 342 

— external carotid 342-353 

— extracavernous 334-338 

— malignant 354 

— middle meningeal 345 

— scalp 343 

— traumatic carotid cavernous 
fistula ( see TCCF) 

— vertebral 338-341 
flow 

— arrest 946, 1111 

— bidirectional, figure 1100 

— control 1097-1128 

— cerebral circulation 1104,1105 

— cortical level 1110 

— craniofacial area 1097 

— distal catheterization 1106, 
1107 

— dural surface 1104 

— intralesional 1101,1102 

— surgical 1104 

— modifications 954 

— reversal 948, 1064, 1099, 1 101, 
1108-1110 

— occlusive balloon 1102-1104 
flow-directed navigation 937 
Flowrider 1091 

flushing solutions 1095, 1096 
Fogarty balloon 280 
follow-up 1146 
foramen lacerum 401 
foramen rotundum, artery 569 
fracture 

— optic canal 297 

— pelvis 284 

— skull base 279 
functional 

— evaluation 925 

— investigation 946 
fusiform ectasia 422 
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G 

galactorrhea 413 
gastrointestinal rupture 435 
GDC coil 528,998-1002 

- bioabsorbable polymeric Matrix 
1012,1016 

Gelfoam 839 

- gelatin sponge 970,971 

- particles 973 

- powder 948, 97 1 -973, 1 077, 1 098, 
1102 

geniculate body network 495 
Gerolakos and Nicolaides classifica- 
tion 78 

GFXII 1171-1173 
giant cell tumors 893-895 
Gianturco coils 980 
Glasgow Coma Scale 369 
Glasgow Outcome Scale 147, 369, 
535 

glaucoma 285 

- secondary 293 
glial cells 19 

glossopharyngeal nerve 1152 
glucose 8, 18 
glue 758 

glycoprotein Ilb/IIIa receptor 27 

- antagonists 35-39,1055 

- safety 38,39 

gold valve balloon 957 
guanylyl cyclase 9 
Guard-Wire system 1175 
Guglielmi detachable coils (GDC) 
528, 998-1002 

- bioabsorbable polymeric matrix 
1012,1016 

- Vortex 1002,1004 
guidewires 965-969, 1 1 58- 1163 

- microguidewires 965-969 

- monorail 967 

gunshot wound 279, 338, 387, 426 



H 

head injury 470 

headache 681-683, 704, 707, 1 129 

Headway 

- catheter 935 
-valve 1031,1095 
heart disease 75 

- congenital, aneurysm 524-527 
hemangioblastoma, spinal cord 

898-900 

hemangioendothelioma 1073 
hemangioma 

- bony 265 

- cavernous 686, 687 

- vertebral 883-890 

- associated lesions 888 

- embolization 889,890 



- - MRI 884 

- pretherapeutic evaluation 888, 
889 

- spinal angiography 884 
hemangiopericytoma 165, 166, 

1099 

hematocrit 1133 
hematoma 

- extradural 425 

- fresh 489 

- mural 392,457 

- spinal epidural 421 

- subdural 832 

hematomyelia 519,805,826,828, 
829,1120 

- morbidity 828 
hemodilution 1133 
hemodynamic 

- insufficiency 112 

- stress 514 
hemorrhage 973 

- aneurysm (see subarachnoid) 

- arteriovenous malformation 677, 
678,703,704 

- epidural 832 

- generalities 1135-1137 

- intracranial 587 

- intradural 278 

- intraventricular 740 

- postembolization 1138 

- recurrent 841 

- spinal 778,825-828 

- subadventitial 454 

- subarachnoid (SAH) 116,289, 
740,752,826 

- tongue 352 

hemorrhagic conversion 111,114, 
139 

hemorrhagic vascular disease, 
combined endovascular treatment 
1147 

heparin 398, 843, 1 153 

- adjunctive 37,38 

- low-molecular-weight (LMWH) 

143 

heparinization 534, 923, 924, 1128 
hepatic failure 433 
hepatitis B 511 
herpes virus 24 
HHT1 (hereditary hemorrhagic 
teleangiectasias) 618-621,794, 
812,822 

Hieshima Apollo catheter 958, 959 
Higashida balloon catheter 119,953 
Hilal coil 987 
histamine 12 
histoacryl 1060 
HITS (high-intensity transient 
signals) 77 
HIV 504,510,512 



HMCAS (hyperdense middle cerebral 
artery sign) 47 
homocysteine 24 
Horner’s syndrome 396,401,417 
Hunt and Hess Classification 148, 368 
hydrophilic coating 939 
5-hydroxytryptamine (5-HT) 12 
hypercapnia 9 
hypercholesterolemia 23 
Hyperglide catheter 956 
hypernephroma, metastatic 881 
hyperplasia, intimal 89, 93-97, 1 1 70 
hyperprolactinemia 413 
hypertension 58 

- venous 804 
hypocapnia 9 

hypophyseal portal system 337 
hypotension 92 1 , 922 

- systemic 1111 
hypotube 1174 

HZV (herpes zoster virus) 512 

I 

IBCA (isobutyl homologue 
isobutyl-2-cyanoacrylate) 1059 
ICP (intracranial pressure) 5 
immunoallergic mechanism 505 
In Time 1052, 1053 
infarction 

- atheroembolic 30 

- embolic 83 

- incomplet 18 
inferolateral trunk 567 
integrin uperfamily 35 
intimal tear 391 
iodized oil 1093 
iophendylate 1093 
ischemia, cerebral 5 1 

- cell change 19 

- depolarization 19 

- focal 18 

- global 18 

- hemodynamic effects 21 

- necrosis 19 

- neuronal metabolism 17 

- nitrous oxide 21,22 
ischemic stroke, arterial 

- acute 31 

- age 15 

- angiographic evaluation 41-44 

- causes 16 

- cryptogenic 99 

- definition 14-16 

- incidence 15 

- middle cerebral artery 44, 45, 51 

- neuroimaging 30,31 

- neuronal metabolism 17,18 

- neuronal vulnerability, selective 
18-21 
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- North America 15 

- posterior circulation 98-109 

- presentation 74 

- race 15 

- risk factors 16,74 

- treatment 31-73 

- medical therapy 1130,1131 
ischemic syndrome, crescendo 5 1 
isovolemia 1133 



I 

J-curve 966, 1036 
jugular puncture 930 



K 

Karnofsky score 369, 535, 829 
Kassel Bach syndrome 1073 
kinking, carotid 942 
Klippel-Trenaunay syndrome 766, 
767,771,820 



L 

laceration, external carotid 347 
laryngeal malignancy 429 
Lasjaunias 4-F catheter 986 
LDL (low-density lipoprotein) 24 
leak, calibrated 952, 953 
lenticulostriate artery 5 1 , 54 
lesion, intermediate 25 
leukotriene 13 
LIAT (local intra-arterial 
thrombolytic therapie) 45-52, 
110,1131 
ligation 

-endovascular 1105,1110 

- intradural 843 

- proximal 314 
lipid mediators 13 
Lipiodol 1063, 1093 
liver 

- cyst 436 

- fibrosis 432 
locked-in state 112 
lupus syndrome 513 
lymphoproliferative disease, 

X-chromosome-linked 513 



M 

macrophage 25 
magnesium 41 
malformation 

- arteriovenous 

— cerebral ( see there ) 

— spinal cord (see there) 

- venous 1081 
Mani 1155 



Marfan syndrome 57, 435, 437 
Marlin 1052 
martensitephase 1170 
matrix coil (polyglycolic/poly-L- 
lactid acid copolymer) 1012 
maxillary trauma 425 
maxillofacial trauma 457 
McCune Albright syndrome 522 
medullary syndrome 466 
menigiomatosis, menigeal 166 
meningioangiomatosis 166 
meningioma 427 

- angiographic investigation 
184-186 

- angioplastic 165,166 

- association with other tumors 155 

- cavernous sinus, involving 178 

- children 156 

- chromosomal patterns 156 

- clinical presentation 166-169 

- CT-scanning 181, 182 

- differential diagnosis 187 

- embolization, technical aspects 
189-192 

- complications 196-198 

- pre- and postembolization 
medical management 194 

- epidural 177 

- etiology 157, 158 

- extracranial 224 

- familial occurrence 157 

- gelfoam powder 972 

- growth and spread 162 

- incidence 154, 155 

- intracranial vascular involvement 
179, 180 

- malignant 162-164 

- MRI-Scanning 182-184 

- oncogenic viruses 158-161 

- operation, time 196 

- orbit 177, 178 

- origin 154 

- pathology 161, 162 

- peritumoral edema 181 

- pial supply 194 

- pretherapeutic evaluation 181 

- recurrent 192-194 

- sex hormone receptors 156 

- sites 169-177 

- spinal cord 910 

- therapeutic strategy and clinical 
objectives 187-189 

- tumor extension, extracranial 192 

- unusual sites 179 
menstruation 831,832 

MEP (motor-evoked potential) 925, 
928,1032,1124 
metalloproteinase 14, 28 
metamere 379 
metameric artery 738 



metameric syndrome, spinal 
arteriovenous (see SAMS) 764, 
766,770,813-821 
metaraminol 1154 
metastases, vertebral 895 
metastatic disease 524 
methylene blue 929 
metrizamide powder 1077 
microcapsules, time-released 1094 
microcatheter 934, 936 

- calibrated leak 119-127,130,959, 
961 

- Excelsior 10 938 

- flow-guided 937,939 

- over-the guidewire 937 

- Rebar 938, 1085 

- two-microcatheter technique 
1039, 1040 

- variable-stiffness 936,937 

- wire-braided 938 
microcirculation agents 1132 
microcoils 986, 1025 
microemboli 77 
microseal adapter 1174 
microtrauma, tentorium 518 
Micrus coil 1010,1011 
Mini-Torquer 936,942,943 
miscellaneous 1094-1096 
mitochondria 19 
Monckeberg disease 23 
monorail 1164 

Moret’s technique 1032 
MRI (magnetic resonance imaging) 
30 

- angiography (MRA) 80-83,100, 
535 

- diffusion-weighted (DWI)/perfu- 
sion-weighted (PWI) 70-72,81 

MRV (magnetic resonance 
venography) 142 
muscle atrophy 832 
mutation 374 

- germinal 380 

- somatic 380 
mycobacterium 512 
myelomere 767 

- topography, figure 778 
myelopathy 760 

- cervical 761 
myoamoya phenomenon 638 
myxoma, atrial 523 



N 

naloxone 1132 

nasal mucosa, physiology 206, 207 
NASCET 84, 86-88 
NBCA (N-butyl-cyanoacrylate) 
332,946,1059, 1063,1140 
- Trufil 1060 
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neck 

- bridging 1039 
-protection 1030,1031 
necrosis, ischemic 1 9, 97 1 , 972 

- coagulative 20 

- focal 26 

- generalized neuronal 20 

- skin 1130 

nerve root compression 751 
neurinoma 199 
neuroblastoma 224 
neurofibromatosis 57, 297, 338, 739, 
743,748 

-type I 421,424,435,436 

- type II 436 
Neuroform , stent 963, 1171 
neurological deficits 708,1129 

- focal 582-585 

- global 585-587 
neuronal vulnerability, selective 

18-21 

neuro-ophtalmic abnormalities 299 
neuropeptide Y 14 
neuroprotective agents 39, 40 

- binding properties 41 

- pharmacological properties 40, 
41 

neutrophil 23 
nidus 794-801 

- angioarchitecture 654,655 

- intramedullary 763 

- intranidal ectasias 659-664 

- size change 656-659 
NIH Stroke Scale 148-150 
nitinol 962,963,1168-1170 
nitric oxide synthase (NOS) 9 

- isoforms 10 

nitroglycerin 133-135,921,1031, 
1032,1089,1146 
nitroprusside drip 921 
nitrous oxide (N0 2 ) 21, 22, 920 

- cerebral circulation 9, 10 
NMDA (N-methyl-D-aspartate) 18 
norepinephrine 12 
notochord 738 

nucleus tractus solitarius 1152 
NYU introducer 974 



O 

O’Reilly catheter 958 
occipital artery 567 
occlusion 

- deconstructive 1005 

- test 328, 1029 
octacyanoacrylate 1055, 1059 
OER (oxygen extraction ratio) 17 
Ohm’s law 4 

Onyx (EVOH) 946, 1055, 1059, 
1084-1091,1149 



- aneurysm treatment 1084-1089 

- arteriovenous malformation 
treatment 1089-1091 

opacifying agents 1092, 1093 
open-cell design 1164 
ophtalmoplegia 409 

- acute 403 
optic atrophy 409 

orbit, menigioma 177,178 
orbital injury 279 
osteoblastoma 878 
osteodural-venous complex 571, 
572 

osteomyelitis 421 
oxygen 8 

- reactivity 9 



P 

pacemaker 1154 
packing 540 

PAF (platelet-activating factor) 13 
pain 

- dorsal 819 

- facial 751 
Palmaz, stent 1153 
Pantopaque 1093 
papaverine 131,133,135,1160 
paraganglioma 224, 227, 228 

- angiographic protocol 252 

- associated lesions 246 

- cervical 238-243,257-260 

- classification 235,237 

- differential diagnosis 246-250 

- embolization 261 

- complications 264 

- technical aspects 261-263 

- embryology 228-230 

- epidemiology 230-232 

- familial distribution 231 

- jugular 238 

- laryngeal 244 

- malignant 231 

- multicentric 231 

- natural history 235,236 

- orbital 245 

- pathology 232,233 

- pharyngeal 265 

- pretherapeutic evaluation 
250-259 

- radiotherapy 260,261 

- secretory 245, 246 

- spinal cord 909-911 

- temporal 252-257 

- thyroidal 265 

- tympanic 236-238 

- vagal 241 

- vascular architecture 233-235 
Parkes- Weber syndrome 766, 820, 

821 



partial repair 466 
patient preparation 917-919 
patterning 378 
PDGF (platelet derived growth 
factor) 25, 376 
PDK1/PDK2 431 
pentoxifylline 1134 
penumbra, ischemic 17 
peptide 13 
perclose 932 
perfusion 

- misery 22 

- reserve 17 
pericallosal arch 495 
pericytes 3, 376 
peritoneal dialysis 433 

PET (positron emission tomography) 
30,31 

petrous lesion 68 
pH 8,9 

PHACE syndrome 399, 400 
phagocytosis 4 
pharyngeal artery, ascending 

- carotid branch 567 

- neuromenigeal division 569 
physiology, cerebrovascular 3-14 
pial network 797 

PICA (posterior inferior cerebellar 
artery), dissection 463 
plaque 

- complicated 28, 29 

- fatty 28 

- fibrous 28 

- morphology 77 

- Gerolakos and Nicolaides 
classification 78 

- ulceration 75 
plasma 1133 
plasmocytoma 875, 880 
platelets 26, 27 
Plavix 1153 
Poiseuille, equation 5, 8 
polyarteriitis nodosa 385 
polycystic kidney disease 431-433, 

436 

- children 375 
polycystin 431 
polyglycolic/poly-L-lactid acid 

copolymer 1012 

polyvinyl alcohol foam (PVA) 839, 
974-977,1063,1123 

- ethanol combination 977 
postembolization care 

- cerebral arteriovenous malforma- 
tion 1 128 

-head and neck 1128 

- intradural aneurysm 1128,1129 

- spinal arteriovenous malformation 
1129 

pouch, venous 755 
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pregnancy 136, 787, 83 1 
preoperative medication 917,918 
pressure 

- arterial, mean 5 

- cerebral perfusion pressure 5 

- intracranial (ICP) 5 

- venous 5 
prism therapy 298 

PROACT II (prolyse in acute cerebral 
thromboembolism trial II) 46, 47 
proatlantal artery 740 
probucol 97 
procollagen 

- type III 396,434 

- type V 396 
proptosis 299 
prostacyclin (PGI 2 ) 13 
prostaglandines 12, 13 
protamine sulfate 923 
protection/protecting 

- agents 1134 

- distal cerebral 1173-1175 

- mechanical 1099 
protein C 136 
protein S 136 

provocative testing, cranial nerve 
1129 

pseudoaneurysm 347, 389, 653, 662, 
776 

pseudonidus 813 
pseudoxanthoma elasticum (PXE) 
385,437 

PT (prothrombin time) 38, 923 
PTT (partial thromboplastin time) 
38,923 

puerperium 136 
pulmonic valve stenosis 524 
pupillary abnormality 409 
purine nucleotide 14 
Purkinje cells 19 
PVA (polyvinyl alcohol foam) 
suspension 839,974-977,1063, 
1123 

PWI (perfusion-weighted imaging) 
70-72,81 



R 

radiation 97 

- beta radiation 1019 

radical, free 41 

radicular vein 739 

radiosensitizer 916 

Radius, stent 964 

Rankin Scale, modified 148 

reanastomosis 930 

Rebar microcatheter 938,1085 

rebleed 539 

recanalization 45, 494, 975, 977, 979, 
1063,1119,1131,1132 



reconstructive operation 1030 
remodeling 25, 374, 376, 955, 
1031-1037 

- Moret’s technique 1032 

- technique 534 

renal artery stenosis 435 
renal function 433 
Rendu-Osler- Weber disease 739,766 
ReoPro 36 

reperfusion, cerebral 19 

- injury 22,23,39,41 
resistance, vascular 6 

- segmental 6 
restenosis 89, 93-97 

retinal artery, central, occlusion 67, 
68 

Retriever 1052 

revascularisation 42, 52, 55, 62, 
105-109, 923, 931, 1 143, 1 144, 1 162 

- complications 1 1 78, 1 1 79 

- emergency 65 

- mechanical 1176 
Robin Hood effect 1132 

r-TPA (recombined tissue plasmino- 
gen activator) 31-33, 67, 144, 

1131 

r-UK (recombined urokinase) 46, 
60,144,961,1131 
rupture, vessel 1137 



S 

sacral artery, lateral 752 
salmonella 505 
SAMS (spinal arteriovenous 
metameric syndrome) 764, 766, 
770,813-821 

SCAVM (spinal cord arteriovenous 
malformation) 760-773 

- aggravating factors 831,832 

- angioarchitecture 775,829,830 

- angiography 809810 

- arterial aneurysm 786-794 

- arterial features 775-784 

- associated malformations 
822-825 

- bifocal 763 

- classification 767-773 

- clinical aspects 825-832 

- clinical assessment 808 

- CSF pulsation artifact 809 

- CT 808 

-embolization 1116,1117 

- hemodynamics 810,811 

- incidence 769,814 

- intradural fistula 811,812 

- MRI 808 

- multifocal 815 

- myelography 808 

- natural history 760, 825 



- nidus ( see there) 

- postembolization care 1129 

- prognosis 830 

- retromedullary 806 

- thrombosis, spontaneous 843, 
844, 847 

- treatment 

- complications 840-842 

- indications 833-839 

- medical therapy 843-847 

- radiotherapy 843 

- results 839,840 

- surgery 842,843 

- veins 802-807 

- thrombosis 803 
sclerosis, medial 

- calcified 23 

- cystic 57 

sclerotherapy 1074-1083 
SDAVF (spinal dural arteriovenous 
fistula) 849-872 

- age distribution 849 

- clinical presentation 858,859 

- embolization 1125-1128 

- indication 867 

- results 871 

- technique 867-869 

- imaging 859-867 

- location 863 

- macro 812,813 

- macroscopic apearance 851-853 

- micro 812 

- microscopic apearance 853, 854 

- pathology 850,851 

- pathophysiology 854-858 

- sacrum 778 

- surgery 871,872 
security point 928 
segmental vulnerability 492 
seizure 918 

- outcome 919 
sella turcica 410 

Sentry catheter 125, 955, 958, 1034 
SEP (somatosensory-evoked 
potential) 809, 840, 925, 928, 1 124 
Serbinenko 955 
serotonin 12 
sex hormons 206, 207 
shear stress 514 
shunt, arteriovenous ( see also 
malformation) 

- dural (see DAVS) 

- epidural 861 

- filum terminate 797 

- general appearance 615-618 

- radicular 766 
silicone 

- fluid 947, 1059 

- spheres 977 
Silvadene 1130 
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Silver speed, guidewire 965 
size-to-neck ratio 532 
size-to-parent-artery-diameter 
ratio 532 

Sjogren’s syndrome 513 
skin 

- discoloration 817, 1092 

- vascular malformation 814 
SMART 1165 

smoking 440 
smooth muscle 26, 27 

- proliferation 97 

snare, microvena 1051, 1052 
Sorcerer, guidewire 965 
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Preface 



Anatomy is a language and mastery of this language is in our opinion 
essential for physicians involved in the management of patients with vas- 
cular diseases of the central nervous system, head and neck, and spine and 
spinal cord. Understanding the clinicopathological aspects of vascular 
disease, its natural history, and the various therapeutic options is manda- 
tory for optimal patient management. 

Functional endovascular therapeutic strategies continue to expand and 
those that are currently available are discussed within the realm of the 
authors’ combined experience. Our approach goes beyond today’s tech- 
nological advances and involves a new understanding of how vascular 
pathology is expressed, its impact on the structure of the vascular sys- 
tems, and the possible repair mechanisms of the vascular system in vari- 
ous environments. The latest techniques that improve such therapeutic 
goals are illustrated in the individual chapters on the diseases and high- 
lighted in the chapter on techniques. 

The important field of occlusive vascular disease and our ability to re- 
open stenotic or even occluded vessels are revolutionizing Endovascular 
Neurosurgery. An in-depth study of occlusive vascular disease is a major 
addition to this second edition of Surgical Neuroangiography (Vol. 2). 
Functional anatomical strategies and protocols are illustrated with the lat- 
est technological devices. As the rapid technological evolution continues, 
our approach and understanding will help guide us to the safest and most 
effective revascularization strategy. 

Our new concepts with respect to aneurysms as a group of diseases 
of different etiologies and pathophysiologies alter the therapeutic indica- 
tions for their management and therefore the role of specific treatment 
techniques. 

Our experience in the management of patients with vascular disorders 
now extends over many decades and forms the basis for an approach to 
cerebral and dural vascular malformations that is both at the leading edge 
and well balanced. Management decisions based on a thorough under- 
standing of these vascular pathologies, their natural history, as well as the 
risks associated with their treatment have been outlined in the text. This 
work is a reflection of the authors’ ongoing commitment to balancing the 
exciting technological advances of the tools that have become available 
with thorough knowledge of vascular anatomy and an exhaustive under- 
standing of vascular pathologies. It is this unique approach that facilitates 
ongoing progress in the safe management of patients with vascular disor- 
ders affecting the brain, the spine, and the head and neck. 
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VP 


Vasopressin 


VVM 


Venous vascular malformation 


VVJ 


Vertebrobasilar junction 
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Dural arteriovenous shunts (DAVSs) are abnormal shunts within the dura. 
Theoretically, they can occur at any site within the dura, but most fre- 
quently they develop near the venous sinuses. Venous drainage may occur 
into the dural sinuses, into osteodural veins, retrogradely via leptome- 
ningeal veins toward the cortical cerebral, cerebellar, or perimedullary 
veins, or any combination thereof. Arterial supply is usually from adjacent 
branches of the dural arteries, less frequently from osseous branches, 
while pial supply is rare. 

The term “malformation” was used in the past for all types of DAVSs, pe- 
diatric and adult, but we have found this to be inappropriate, as it implies a 
developmental origin in all of them. DAVSs have been demonstrated in 
utero and may be clinically present at neonatal age. Their association with a 
malformation of the dural sinuses attests to their developmental origin. On 
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Fig. 8.1. A 20-year-old male 
patient investigated for mild 
head injury associated with 
left-sided subdural hematoma 
showed no abnormality at 
presentation on left common 
carotid angiogram in lateral 
view (A). Eight months later, 
following an 8-week history of 
bruit, the left external carotid 
angiogram in lateral view (B) 
demonstrates transverse sinus 
dural arteriovenous shunt 



the other hand, there is good evidence that these shunts in adults are an ac- 
quired disease (Fig. 8.1). As vein of Galen malformations cannot be grouped 
together with brain arteriovenous malformations, we suggest separating the 
neonatal and infantile DAVSs from the adult type. The terms “dural arte- 
riovenous shunt” (DAVS) and “dural arteriovenous fistula” (DAVF) should 
be used in the adult population to indicate their acquired nature. 



8.1 Historical Review 

Historically, these lesions have attracted considerable interest. Dural arte- 
riovenous malformations (DAVMs) were first described by Tonnis in 1936 
and subsequently by Tonnis in 1936 and referred to by Aminoff in 1973. 
Verbiest (1951) and Fincher (1951) were the first to introduce the concept 
of the so-called spontaneous dural fistulae. The early case reports de- 
scribed low-flow lesions, but in 1964 van de Werf presented the first case 
of a congenital high-flow DAVM in a 3-year-old child. 

The 1960s were marked by emphasis on the topography of individual 
cases (Hayes 1963; Laine et al. 1963; Pecker et al. 1965). It was Hans New- 
ton at the University of California at San Francisco, in the late 1960s (New- 
ton and Cronqvist 1969; Newton and Hoyt 1970; Newton et al. 1968), who 
routinely started to explore all intracranial vascular disorders, including 
DAVSs, with external carotid injections at angiography. In Europe, Rene 
Djindjian used superselectivity at angiography in the mid-1970s to estab- 
lish the first angioarchitectural classification of DAVSs (Table 8.1). 



Table 8.1. Djindjian classification of dural arteriovenous shunts by venous drainage 
(from Djindjian and Merland 1978, with permission) 



Type I Drainage into a sinus 

Type II Sinus drainage with reflux into cerebral veins 
Type III Drainage solely into cortical veins 
Type IV With supra- or infratentorial venous lake 
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Fig. 8.2A-C. Illustrations showing the meningeal arteries at the base of the skull 
(right posterolateral view). All of the dural meningeal envelopes and the right carotid 
siphon have been removed. The roof of the right orbit and optic canal, and posterior 
part of the left orbital roof have been opened to show the branches of the ophthalmic 
artery. A The anatomical disposition on the right side of the meningeal branches of 
the anterior and posterior ethmoidal arteries and the anastomotic branch between 
the ophthalmic artery and the inferolateral trunk of the carotid siphon (passing 
through the superior orbital fissure). The carotid branch of the ascending pharyn- 
geal artery passes trough the foramen lacerum while a collateral of the occipital ar- 
tery can be seen to run to the sigmoid sinus. The left half of the base of the skull 
shows the ophthalmic origin of the frontal and parietal branches of the middle 
meningeal artery, as well as a mastoid branch of the occipital artery supplying all of 
the posterior fossa on the left side. Note also the transosseous artery at the level of 
the sinusal confluence. B, C see p. 568 



Additional European and North American contributions further estab- 
lished the entity of spontaneous DAVMs (Houser 1972; Aminoff 1973; 
Obrador et al. 1975; Chaudhary et al. 1982). The early 1980s were marked 
by a great number of individual case reports, indicating the significant po- 
tential for hemorrhagic complications with DAVMs of the anterior cranial 
fossa and the tentorium (Ito et al. 1983; Terada et al. 1984; Grisoli et al. 
1984). In 1983, Albright et al. outlined the characteristic features of DAVMs 
in the pediatric population. Detailed descriptions of the vascularization of 
the intracranial dura by Lasjaunias et al. (1986a) helped further under- 
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◄ Fig. 8.2 ( continued ). B The branches of the carotid siphon. On the left, these branch- 
es arise from a common trunk originating from the posterior vertical portion of the 
carotid siphon, while on the right, the branches to the petrosal apex and dorsum 
sella arise separately. Note also on the right the lateral clival arteries which (when 
present) originate from the horizontal part of the carotid siphon. The following 
branches of the vertebral artery are also shown: a meningeal artery supplying the 
right posterior cerebellar fossa; an artery supplying the falx cerebelli arising from the 
posterior inferior cerebellar artery (not shown); the subarcuate arteries, both of 
which are located behind the internal auditory canal. C The branches of the internal 
maxillary and ascending pharyngeal arteries. On the left, only the occipital and squa- 
mous divisions of the middle meningeal artery are shown, since on this side the 
frontal and parietal branches can be seen to arise from the ophthalmic artery. The ar- 
cade along the superior petrosal sinus is clearly visible, as is the contribution of the 
middle meningeal artery to the vascularization of the wall of the transverse sinus. 
Also visible on the left is the meningeal territory of the hypoglossal branch of the 
neuromeningeal division of the ascending pharyngeal artery. Note in particular the 
contribution of the hypoglossal branch to the dural vascularization of the foramen 
magnum and its anastomoses with the ipsilateral medial clival artery. On the right 
side, the branches of the accessory meningeal artery are shown to be passing through 
the Vesalius foramen, medial and slightly anterior to the foramen ovale. The artery of 
the foramen rotundum and the branches running along the sphenoid ridge on the 
right side are also clearly shown. The territories of the jugular branch of the neu- 
romeningeal division of the ascending pharyngeal artery are also illustrated, i.e., the 
inferior petrosal sinus, sigmoid sinus, and lower part of the cerebellopontine angle 



stand the potential for endovascular access to DAVSs and the risks for 
complications at the time of endovascular management (Fig. 8.2). 

One of the most significant advances in the understanding of the phys- 
iopathology of the DAVS came from the school of La Salpetriere (Paris), 
which emphasized the role of the cortical venous drainage of these dural 
shunts. Henceforth, the role of the subarachnoid and subpial venous 
drainage could be correlated with the type of neurological manifestation 
and the natural history of dural shunts. This represented a turning point 
in the understanding of this disease. 

Later on, various therapeutic approaches were developed, with increas- 
ing emphasis on the role of endovascular techniques. 

The accumulation of cases led to additional classifications being pro- 
posed by Borden et al. (1995) and Cognard et al. (1995). These classifica- 
tions of DAVMs (Tables 8.2, 8.3), while important for the purpose of com- 
munication, tend to underestimate the dynamic aspect and changes over 
time that can occur in these disorders. 

The recent contributions from the Toronto school completed this quest 
from the technical challenges to patient selection and therapeutic goals to 
be reached. Davies et al. (1997a, b), Satomi et al. (2002), van Dijk (2002a, b) 
identified morphological subgroups with different natural histories and 
added a prospective dimension to the basic angioarchitectural analysis. 

While our ability to diagnose and manage DAVSs has greatly improved 
over the past 30 years, our understanding of the disease has not advanced 
to the same extent, as attention has mainly been focused on the various 
mechanical approaches that could be used for their treatment. 
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Table 8.2. Borden classification of dural arteriovenous shunts (from Borden et al. 
1995, with permission) 



1 Venous drainage directly into dural venous sinus or meningeal vein 

2 Venous drainage into dural venous sinus with cortical venous reflux (CVR) 

3 Venous drainage directly into subarachnoid veins (CVR only) 



CVR, cortical venous reflux. 



Table 8.3. Cognard classification of dural arteriovenous shunts (from Cognard et al. 
1995) 



I Venous drainage into dural venous sinus with antegrade flow 

Ha Venous drainage into dural venous sinus with retrograde flow 

lib Venous drainage into dural venous sinus with antegrade flow and CVR 

Ila+b Venous drainage into dural venous sinus with retrograde flow and CVR 

III Venous drainage directly into subarachnoid veins (CVR only) 

IV Type III with venous ectasias of the draining subarachnoid veins 



CVR, cortical venous reflux. 



8.2 Pathophysiology 

The association with venous thrombosis was first noted by Djindjian and 
Merland (1978) and subsequently by Chaudhary et al. (1982). DAVFs were 
reported to occur following intracranial surgery (Watanabe et al. 1984; 
Bitoh 1980; Aminoff 1973). In 1978, Djindjian and Merland reported the 
development of DAVFs following surgery in remote parts of the body 
(e.g., hysterectomy, varices) as well as in the postpartum period. Howev- 
er, tumor invasion of major sinuses resulting in dural sinus thrombosis is 
infrequently associated with DAVFs. Trauma, infections, dehydration, 
hormonal disorders, and coagulopathies can all be associated with intra- 
cranial dural venous sinus thrombosis but are infrequently followed by 
the development of DAVFs (Table 8.4). 

The wide variety of these possible etiological factors demonstrates the 
spectrum of events that can lead to the same result, i.e., the creation of a 
shunt inside the dura. These factors by themselves should therefore not be 
considered as the direct cause of DAVSs, but rather they make up an envi- 
ronment that may be conducive to the development of a DAVF, depending 
on the individual host response to their presence. For instance, not all pa- 
tients presenting with a sinus thrombosis will develop a shunt, and in 
fact the majority of DAVSs do not reveal any evidence of pre- or coexist- 
ing thrombosis. 

We propose that DAVFs in adults are triggered by a factor (or factors) 
that stimulates angiogenesis. New venular channels will then connect the 
regional periosteal, dural, or even adjacent leptomeningeal veins to the re- 
gional osteodural arteries, and rarely to the pial leptomeningeal arterial 
systems. Shunting will subsequently occur, with the extent, as well as other 
factors, related to the topography of the venous outlet(s). If this angio- 
genic process is simultaneously associated with a loss of some of the venu- 
lar surface properties, then venous thrombosis is likely to occur. The 



The Osteodural-Venous Complex 571 



Table 8.4. Most common types of drainage of intracranial dural arteriovenous mal- 
formations in adults 



Location 


Sinusal venous drainage 


Cortical venous drainage 


Cavernous sinus 


Frequent 


Infrequent 


Sigmoid sinus 


Constant 


Rare 


Superior sagittal 


Depending on type 


Depending on type 


Transverse sinus 


Depending on type 


Depending on type 


Torcular 


Depending on type 


Depending on type 


Anterior cranial 


Not described 


Constant fossa 


Tentorium 


Rare 


Almost constant 



effects of the angiogenesis and the associated thromboses will depend on 
the location and the remaining venous outlet(s). It has been noted that an- 
giogenic growth factors such as basic fibroblast growth factor (bFGF) and 
vascular endothelial growth factor (VGEF) are expressed in the DAVFs 
(Uranishi et al. 1999). The absence or presence of thrombosis in associa- 
tion with nonsprouting angiogenesis will determine the clinical presenta- 
tion and natural history of the DAVS. 

In order to avoid confusion in terminology, it is important to under- 
stand that DAVFs are to be distinguished from other AVSs that can involve 
the intracranial dural sinuses and are caused by a variety of distinct 
pathologies: 

- Traumatic lesions of the skull base vessels producing AVSs are clearly 
different entities, which occur in otherwise normal vasculature (e.g., 
carotid cavernous fistulae). 

- Rupture of a preexisting arterial aneurysm of the internal carotid siphon 
or a dysplastic internal carotid artery into adjacent venous structures, 
as may occur in Ehlers-Danlos syndrome, is a preexisting arterial dis- 
ease and is unrelated to factors involving the dura. 

- Other conditions such as transdural supply to pial arteriovenous lesion 
or proliferative angiopathy are the reflection of an active dural angio- 
genic process that occurs following ischemic triggers or growth factors 
from the cortical vessels. 



8.3 The Osteodural-Venous Complex 

The dural sinuses will vary physiologically and morphologically with age. 
At birth, the total cerebral venous drainage is directed towards the poste- 
rior sinuses, i.e., a true sinusal system. The cavernous venous plexuses are 
the unique venous drainage channels for the nasal fossa, the orbital cavi- 
ties and the midline bony structures at the base of the skull. It is a few 
months after birth that the so-called cavernous capture of the sylvian vein 
will occur and offer the infant brain an alternate drainage via the cav- 
ernous plexus toward the orbit or the pterygoid plexuses and into the ex- 
ternal jugular venous system. The jugular bulb continues to mature after 
birth and subsequent to the regression of the medial occipital and mar- 
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ginal sinuses. The hydrodynamic role played by each of these venous 
drainage directions at various developmental stages, including the impact 
of closure of the fontanels, will create distinguishing features among the 
various venous plexuses and sinuses. 

The dura mater along the convexity of the cranial vault has a different 
origin than the dura along the base of the skull (membranous vs. carti- 
laginous bone). The consequence of this difference is morphologically 
not detectable but may have a biological expression. The cartilaginous 
bone of the notochord derivatives draining into the epidural venous 
plexuses also emphasizes the different relationships that may exist be- 
tween various types of bone versus the periosteum, the dura, and the ve- 
nous system. 

Anatomical differences related to the dural and venous structures in 
various locations will in turn have a specific impact on the nidal angioar- 
chitecture of a DAVF and consequently on their natural history. 

Dural sinuses are large venous channels between two layers of dura 
mater. They only occur in certain intracranial locations: along the attach- 
ment of the margins of the tentorium cerebelli and the falx cerebri, the 
straight sinus, the confluence of sinuses (torcular), the transverse sinus, 
the sigmoid sinus, the superior and the inferior longitudinal sinuses, and 
the superior and the inferior petrosal sinuses. Certain embryonic or fetal 
venous structures can persist and be assimilated into the sinuses such as 
the marginal, medial occipital, and tentorial sinuses. 

The transverse sinus extends from the confluence of sinuses to the 
opening of the superior petrosal sinus. It continues as the sigmoid sinus, 
which extends down to the jugular bulb. The combination of the trans- 
verse and the sigmoid sinus forms the lateral sinus. 

Classifications in which the term “transverse sinus” describes lesions 
located on the confluence of sinuses as well as near the jugular bulb are 
actually combining sinusal locations, which always have venous cranial 
afferents (transverse sinus) with portions that never receive any cerebral 
veins (sigmoid sinus). The potential for an AVS in these locations evolving 
toward leptomeningeal venous drainage is therefore not the same. 

Septations may occur within the dural sinuses and result in separate 
venous channels, which may run parallel to each other. One of these chan- 
nels may be used for the brain to drain while the other is sometimes ex- 
clusively used for drainage of the DAVF and may be a specific target for 
treatment (Fig. 8.27). 



8.3.1 Dural Venous Plexus 

There are no dural sinuses in the midline at the skull base; nor do they oc- 
cur at the spinal levels. In these locations, venous plexiform channels will 
be present in the epidural space, between periosteum and dura. These 
venous plexiform channels are the cavernous plexus (improperly called 
sinus), the retroclival venous plexus, the venous plexus along the anterior 
margin of the foramen magnum, and the spinal venous plexus. DAVSs 
have been described in these areas, but they do not drain primarily into 
dural venous sinuses. 
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The cervical (vertebral) transverse canal cannot be included in the 
epidural space. To equate the venous plexus around the vertebral artery to 
a dural sinus will mistakenly mix paraspinal venous structures with 
epidural ones. Also, for embryonic reasons, arteriovenous fistulae of the 
maxillary, vertebral, intercostal, or lumbar arteries should all be classified 
into paraspinal or parachordal AVSs, as their respective clinical history 
differs from that of DAVSs. 



8.3.2 Transdural Veins 

Other structures combine both the dural sinus and venous channel, yet 
differently from the two previous types described. They are the transdur- 
al portions of the cerebral veins intracranially, before they join a sinus, or 
an epidural collector. Of variable length, they are found near the longitu- 
dinal sinus, the lateral sinus close to the tentorium cerebelli, and the mid- 
dle cranial fossa, near the lamina cribriform. DAVSs that develop in these 
locations are what Piske and Lasjaunias (1988) have referred to as “extra- 
sinosal dural lesions.” 

The spinal radicular veins opening at the spinal levels belong to this 
latter group. Unlike the radicular arteries, there is no metameric link 
between the radiculomedullary veins and the spinal nerves. Radicu- 
lomedullary veins perforate the dura mater to open into venous lakes lo- 
cated between periosteum and dura, sometimes between two consecutive 
(adjacent) dural arterial territories. Hence, some of the spinal DAVSs may 
be supplied by arteries from two metameric levels, reflecting the location 
of the venous communication with or between the nerve roots. 

Finally, there is a venous network paralleling the dural arteries at the 
convexity outlining the grooves seen on the skull. However, this system 
virtually never develops DAVSs, unless arterial disease or direct trauma of 




Fig. 8.3A-C. A 45-year-old man presented with a 3-month history of bruit. The left 
external carotid angiogram in lateral view (A, B) showed evidence of a convexity 
osteodural arteriovenous shunt (AVS) with drainage towards the osseous venous sys- 
tem. Six months later, symptoms disappeared (no treatment given), and a follow-up 
left external carotid angiogram in lateral projection (C) 11 years later showed spon- 
taneous closure of the AVS 
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Fig. 8.4A-E. Osteodural arteriovenous malformation of the middle cranial fossa in a 
57-year-old man, who presented with temporal lobe seizures. Note the venous ecta- 
sia on the CT section in axial (A) and coronal (B) views. The supply to the nidus is 
seen on distal external carotid injection (C). D, E see p. 575 






Classification 575 




Fig. 8.4 (continued). However, selective catheterization of the middle deep temporal 
artery (D) and middle meningeal system (E) provided even better visualization and 
safer embolization. Arrowhead, distal temporal branches; open arrow, accessory 
meningeal artery 



the middle meningeal artery is responsible for an arterial rupture into the 
adjacent venous network. 

A peculiar group of lesions are the intracranial arteriovenous shunts 
fed by the dural arteries (that also supply the bone), which are located 
within bony structures along the convexity (Fig. 8.3) or at the base of the 
skull (Figs. 8.4, 8.5): the so-called osteodural AVSs. Particularly at the base 
of the skull, they are often mistaken for dural shunts. They are located 
within the sphenoid or occipital bones and the adjacent epidural space. 
They show a strong male dominance caudally, similar to the spinal DAVS, 
and a female dominance cranially, signifying the hormonal sensitivity of 
the sphenoid bones at that end of the notochord. In addition, they may be 
associated with giant epidural and bony lakes and cause significant bone 
remodeling (Fig. 8.5). 



8.4 Classification 

Although a topographical classification of DAVSs according to location is 
useful in planning the therapeutic approach, from a clinical point of view 
it is more appropriate to classify these lesions according to their venous 
drainage pattern (Table 8.2). 

Subsequent to Djindjian and Merland’s classification (1978), a number 
of other DAVS classifications have been proposed (Cognard et al. 1995; 
Borden et al. 1995). They all emphasize the venous outflow characteristics 
of DAVSs and their relationship to presentation (Tables 8.3, 8.4). Valida- 
tion of these classifications with respect to clinical presentation was sub- 
sequently carried out by Davies et al. (1996). DAVS classification schemes 
tend to be rigid, ignore changes occurring over time, and fail to recognize 
anatomical predispositions (Lasjaunias 1997). We therefore recommend 
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Fig. 8.6. A 38-year-old female 
patient presented with a 3- 
month history of progressive 
left-sided bruit. Left occipital 
angiogram in lateral view shows 
dural arteriovenous shunt 
along the transverse sinus (long 
arrow) with antegrade sinusal 
drainage ( short arrow) 




◄ Fig. 8.5A-E. A 62-year-old female patient presented with progressive right ophthal- 
moplegia and bruit with a 3-month history. Selective right ascending pharyngeal an- 
giograms in lateral view (A) demonstrate osteodural arteriovenous shunt along pos- 
terior inferior aspect of the clivus, with drainage upward to the cavernous plexus and 
then forward to the orbital venous system ( small arrow) and also with reflux toward 
the sylvian cortical venous system ( long arrow) and deep venous system (arrow- 
head). Angio-CT at lower clivus level, before (B) and after arterial (ascending pha- 
ryngeal) embolization with glue (C) demonstrates bony erosion involving the clivus 
opacified with contrast (long arrow) prior to embolization but not afterwards. Angio- 
CT at cavernous sinus level before (D) and after embolization (E) demonstrates 
prominent draining veins towards the orbital and sylvian venous systems (long 
arrows) prior to embolization but not afterwards. Note glue at the entrance to the 
clival venous pouch (short arrow, C) and at the entrance to the cavernous plexus 
(short arrow, E). The patient’s symptoms dramatically improved in 5 days. (Courtesy 
of Dr. T. Marotta) 
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Fig. 8.7A-C. A 60-year-old male patient presented with intermittent aphasia. Left 
occipital (A) and left ascending pharyngeal angiogram (B) in lateral views shows ev- 
idence of dural arteriovenous shunt (DAVS) along transverse sinus with retrograde 
leptomeningeal reflux toward the temporal lobe cortical venous system associated 
with proximal and distal thrombosis of the dural sinus ( curved arrow). Left internal 
carotid angiogram in lateral view (C) demonstrates delayed opacification of the tem- 
poral lobe venous system (arrows) because of venous hypertension caused by the 
cortical venous reflux from the DAVS 
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Fig. 8.8. A 42-year-old man 
presented with a single tempo- 
ral lobe seizure. External 
carotid angiogram in lateral 
view shows evidence of dural 
arteriovenous shunt ( short 
arrow) adjacent to transverse 
dural sinus but directly drain- 
ing towards the cortical tempo- 
ral lobe venous system ( long 
arrow) 




assessing each case individually, with a strong emphasis on the venous an- 
gioarchitecture. DAVSs may drain solely into osteodural veins or directly 
into the dural sinus with antegrade flow in the sinus (Fig. 8.6, p. 577). They 
may also drain into a dural sinus, but because of distal dural sinus throm- 
bosis flow, will reverse in the sinus and be directed upstream. Flow may 
then also occur retrogradely into the leptomeningeal veins, with reflux to- 
ward the cortical cerebral veins (Fig. 8.7). The location of a DAVS may be 
adjacent to a dural sinus, but venous drainage can be directed immediate- 
ly into a cortical cerebral or cerebellar vein (Fig. 8.8). While certain DAVS 
locations tend to be associated with predictable venous drainage patterns 
(Table 8.4), anatomical variations and acquired host response differences 
may result in variable venous outlets. It is of paramount importance to 
distinguish between those lesions with and those without retrograde lep- 
tomeningeal venous drainage. Irrespective of the location of the shunt, the 
natural history of these two groups of dural shunts is different and there- 
fore they require a different type of management strategy (Davies et al. 
1996; van Dijk et al. 2002b). 



8.5 Clinical Presentation of Dural Arteriovenous Shunts 

The symptomatology of DAVSs is variable, depending on the location of 
the shunt, the type of venous drainage, and the flow characteristics 
(Lasjaunias et al. 1986). They include exophthalmos, bruit, cranial nerve 
deficits, focal and global neurological deficits, increased intracranial pres- 
sure, papilledema, and CSF reabsorption abnormalities, resulting in ven- 
tricular enlargement. Most symptoms can be directly related to angio- 
architecture of the DAVS. The analysis of DAVSs should include imaging 
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information obtaining dynamic and morphological data related to the ve- 
nous drainage of the brain versus that of the DAVS and a search for vas- 
cular and parenchymal changes that have occurred as the result of these 
interactions. The mechanism of the symptoms will be evaluated and clin- 
ical objectives and morphological goals established. 

The clinical expression of arteriovenous dural lesions is indeed condi- 
tioned by the topography of the shunt, but not exclusively: a lesion of the 
sigmoid sinus cannot itself give rise to retrograde flow in the lepto- 
meningeal veins unless a regional modification of the jugular bulb and 
the transverse sinus creates, at a distance from the shunt, retrograde lep- 
tomeningeal reflux from the lateral sinus to the cortical veins. Conversely, 
a lesion of the cribriform plate bone will always have leptomeningeal 
venous drainage; no regional drainage modification is needed or could 
change this. 



8.5.1 Cranial Nerve Symptoms 

The cranial nerves are supplied by the meningeal arteries and ischemia 
due to an arterial steal phenomenon may contribute to some of the cra- 
nial nerve palsies encountered in these lesions (Lasjaunias et al. 1984, 
1986). The fact that cranial nerve symptoms may be relieved following se- 
lective arterial embolization supports the concept of an arterial steal phe- 
nomenon (Fig. 8.9). We have never seen, even in high-flow DAVFs, angio- 
graphic evidence of an arterial steal affecting the CNS, and therefore CNS 
symptoms are always related to the venous side of the shunt. 

Mechanical phenomena may also be responsible for pseudoextraocular 
motor nerve palsies in patients with cavernous sinus DAVSs draining into 
the orbital venous system; diplopia and restricted ocular motor function 
maybe secondary to the proptosis and altered muscle tension and edema 




Fig. 8.9. A 35-year-old woman 
who presented during the last 
trimester of her first pregnancy 
with a spontaneously regressive 
left facial nerve palsy. Three 
months postpartum she devel- 
oped a pulsatile bruit on the 
left side. She was blind in the 
right eye due to a congenital 
cataract. The middle meningeal 
angiogram demonstrates a dur- 
al arteriovenous malformation 
at the level of the foramen spin- 
osum fed by the petrous artery. 
Note the arterial ectasia ( dou- 
ble arrow) and the posterior 
venous drainage 
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Fig. 8.10A-C. A 68-year-old 
woman presenting with pro- 
gressive left exophthalmos 
associated with conjunctival 
hyperemia. Contrast injections 
in the ipsilateral internal 
carotid (A) and in the internal 
maxillary (B) arteries failed to 
demonstrate an abnormality. 

C The contralateral internal 
carotid angiogram injection 
demonstrates a dural arterio- 
venous malformation ( asterisk ) 
draining into the left cavernous 
sinus and ophthalmic vein 
( curved arrows) 




rather than nerve dysfunction (Kupersmith 1993). An interesting feature 
of cavernous sinus DAVSs is the occurrence of paradoxical symptoms, 
when ipsilateral cavernous sinus thrombosis causes rerouting of venous 
drainage to the contralateral orbital veins (Fig. 8.10). 



8.5.2 Tinnitus and Objective Bruits 

Pulsatile tinnitus is produced by turbulent flow in the nidus and the adja- 
cent draining veins. DAVMs in certain locations are more likely to be as- 
sociated with this symptom than with others. Tinnitus is most frequently 
perceived when the drainage involves a venous sinus, which is in direct 
contact with the petrous bone. The higher the flow in the nidus, the more 
intense the tinnitus will be. About 40% of patients with pulsatile tinnitus 
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will have objective bruits (Lasjaunias et al. 1986a). The disappearance 
of the bruit in time is important clinical information that will need to be 
taken into consideration with respect to the need for reinvestigation. 



8.5.3 Focal Neurological Deficits 

Focal neurological deficits in adults occur in the presence of retrograde 
leptomeningeal drainage and reflux into cortical cerebral, cerebellar, 
or perimedullary veins (Castaigne et al. 1976; Lasjaunias et al. 1986b) 
(Figs. 8.11-8.14). The symptomatology depends on the location of the 
DAVS and the direction of the venous drainage, as it will cause regional ve- 
nous congestion. These symptoms are ischemic in nature and are related 





Fig. 8.11A-D. A 45-year-old man presented with new onset seizures and headaches. 
The enhanced CT scan (A) and coronal view T2-weighted MRI (B) show prominent 
vasculature along the surface of the posterior temporal lobe and adjacent cerebellum 
as well as parenchymal edema. Left occipital angiogram in lateral view (C, D) demon- 
strates DAVS along transverse sinus with drainage into the sinus and subsequent 
leptomeningeal reflux towards the cerebral and cerebellar cortical venous system in 
association with proximal and distal thrombosis of the transverse sinus 
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Fig. 8.12A, B. A 57-year-old man presenting with progressive cerebellar neurological 
deficit. Unenhanced CT scan (A) shows evidence of a nonspecific edema pattern 
affecting the right cerebellar hemisphere; the right vertebral angiography in AP view 
(B) demonstrates the cause to be a torcular dural arteriovenous shunt ( long arrow ) 
with direct drainage into the cerebellar cortical venous system ( short arrow) 




Fig. 8.13A-C. A 55-year-old man presenting with slowly progressive cervical myelopa- 
thy. T2-weighted MRI (A) shows evidence of edema within the cord (arrow) but no 
abnormal vascularity. Right vertebral angiogram in AP view (B) and selective tran- 
sosseous branch of the occipital artery angiogram in lateral view (C) demonstrates 
the cause to be a dural arteriovenous shunt at the lateral border of the foramen mag- 
num (long arrows ), with venous drainage towards the cervical ventral (short arrows) 
and dorsal perimedullary venous system 
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Fig. 8.14A-E. A 48-year-old male patient presenting with progressive thalamic 
syndrome. T2-weighted MRI (A) shows evidence of bilateral thalamic edema ( small 
arrows ), which at left internal carotid angiography in lateral view (B) proved to be 
caused by a dural arteriovenous shunt (DAVS) ( long arrow) along the inferior mar- 
gin of the tentorium, with venous drainage towards the perimesencephalic venous 
system ( short arrows), also shown on the carotid angiogram AP view (C). Selective 
angiogram in lateral view (D) of the dural supply from the internal carotid artery and 
embolization of this branch (arrow) with glue resulted in immediate obliteration of 
the AVS with reversal of symptoms and normalization of the unenhanced CT scan 
1 week later (E) 



to chronic increased pressure in the veins, which drain both the DAVS and 
the underlying normal brain (Kosnick et al. 1974). This phenomenon can 
be demonstrated at angiography (Fig. 8.7). Prior to treatment, the venous 
phase of the cerebral angiogram shows absence of opacification of the 
cortical veins that drain the DAVS and rerouting of drainage to adjacent 
territories, demonstrating a pseudophlebitic pattern ( Willinsky et al. 1999) 
(Fig. 8.16). Following successful treatment, cerebral angiography typically 
shows a return of the drainage of the involved brain into the veins previ- 
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Fig. 8.15A-E. A 65-year-old 
woman presenting with pro- 
gressive dementia that devel- 
oped over an 18-month period. 
She had a normal enhanced CT 
scan at original presentation 
(A) but ventricular enlarge- 
ment was noted 1 year later (B). 
Occipital (C), distal external 
carotid (D), and right internal 
carotid angiogram (E) in lateral 
views show evidence of multi- 
focal dural arteriovenous 
shunts ( arrows ) responsible for 
generalized increased venous 
pressure causing hydrodynam- 
ic disorder and dementia 





ously opacified by the DAVS. Subsequently, the focal cerebral symptoms 
may reverse themselves. Willinsky et al. (1994) described the MRI equi- 
valent of this phenomenon. Parenchymal compression by venous lakes 
draining the DAVSs in adults does not produce clinical symptoms, although 
it does in the pediatric population. 



8.5.4 Global Neurological Deficits 

Moderate- and high-flow DAVSs in adults may produce global neurologi- 
cal deficits such as dementia, in particular when associated with stenosis 
or occlusion (thrombosis) of the major dural venous sinuses (Figs. 8.15, 
8.16) (Lasjaunias et al. 1986b; Hurst et al. 1998). Reversal of flow may oc- 
cur and be directed upstream towards the superior sagittal and straight 
sinuses. Papilledema and increased intracranial pressure will occur as 
well as CSF hydrodynamic disorders and ventricular enlargement. These 
effects are due to chronic impairment of CSF absorption caused by venous 
sinus hypertension (Lamas et al. 1977). In our experience, this clinical 
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◄ Fig. 8.16A-F. A 49-year-old man underwent uneventful surgical removal of a right- 
sided acoustic neuroma. CT scan at that time (A) showed a normal supratentorial ap- 
pearance. The follow-up CT scan (B) 1 year later aimed to investigate progressive 
neurological decline demonstrates edema pattern involving both hemispheres. Right 
occipital angiogram in lateral view (C) demonstrates dural arteriovenous shunt 
along right transverse sinus, with retrograde venous drainage toward the deep ve- 
nous system and superior sagittal sinus (arrows) associated with distal thrombosis 
of the ipsilateral transverse sinus. Venous phase of the left internal carotid angiogram 
in lateral view (D) shows delayed and impaired venous drainage of the left hemi- 
sphere, with pseudophlebitic pattern evidence of the venous hypertension responsi- 
ble for the hydrodynamic disorder. Symptomatic midbrain cavernoma (proven at 
surgery) developed in this patient. MRI at the time of original presentation (E) and 
5 years later (F) demonstrates de novo cavernoma (arrow) 



presentation is more frequent with DAVSs located along the transverse 
sinus and torcular region. 



8.5.5 Intracranial Hemorrhage 

Intracranial hemorrhage (ICH) is a specific complication of DAVSs with 
retrograde leptomeningeal drainage towards the cerebral and/or cerebel- 
lar cortical veins. Because these veins traverse the various compartments 
from the dura to the brain parenchyma, their rupture may create subdur- 
al, subarachnoid, or intracerebral hemorrhage. A focal ectasia of the ab- 
normal draining venous system can sometimes be seen at the site of rup- 
ture (Fig. 8.17). 

The incidence of ICH has been reported between 35% and 42% (Cas- 
taigne et al. 1976; Cognard et al. 1995; Davies et al. 1997b). ICH occurred 
more frequently if the retrograde leptomeningeal drainage was directly 
from the shunt into this vein as opposed to this type of reflux via a dural 
sinus, 48% versus 1 1% (Davies et al. 1997b). The hemorrhage may rarely 
flow into the subdural or subarachnoid space (Fig. 8.17), but more fre- 
quently the hemorrhage is intrap arenchymal in location (Figs. 8.18,8.19). 
All intracranial locations of DAVSs have been associated with leptome- 
ningeal venous reflux and can therefore present with ICH. However, be- 
cause of their regional venous anatomy, certain DAVS locations will be 
more likely (tentorial) or necessarily be associated with retrograde lep- 
tomeningeal venous drainage (anterior cranial fossa). Hemorrhagic pres- 
entation in those locations has been reported to occur in 75%-95% of 
cases (Awad et al. 1990; Cognard et al. 1995). 



8.5.6 Hormonal Influences 

The onset of DAVS-related symptoms during pregnancy has been report- 
ed several times (Doyon and Metzger 1973; Toya et al. 1981; Lasjaunias et 
al. 1984). We have noted premenstrual worsening of symptoms in some 
females. We have not observed distinguishing features in the angioarchi- 
tecture of the DAVS in such patients. The exact target of the hormonal ac- 
tion in patients with DAVSs is unknown. However, these cases do illustrate 
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Fig. 8.17A-D. A 42-year-old female patient presented with sudden onset of headache. 
Enhanced CT scan (A) shows evidence of small subdural hematoma ( white arrow) as 
well as parenchymal hemorrhage with adjacent enhancement ( black arrow) of a 
structure that on MRI (B) demonstrates a flow void (arrow) also seen on the source 
images of the MRI in coronal view (C) and proven to be a venous pseudoaneurysm 
(short arrow) associated with dural arteriovenous shunt (DAVS), with direct cortical 
venous reflux towards the subtemporal and deep venous system ( long arrow), shown 
on the superselective angiogram of the left middle meningeal artery in lateral view 
(D) a venous pseudoaneurysm (short arrow) associated with DAVS, with direct cor- 
tical venous reflux towards the subtemporal and deep venous system (long arrow) 



a definite relationship between hormonal changes and clinical symptoms 
in some patients, and this subgroup may benefit from a trial of estrogen 
therapy prior to more aggressive treatment. Sphenoid osteodural lesions 
and cavernous plexus DAVSs have shown a strong female dominance and 
sensitivity to hormonal changes. 
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Fig. 8.18A, B. A 58-year-old man presented with sudden onset of severe headache. 
CT scan (A) shows evidence of left frontal lobe hemorrhage, which on left internal 
carotid angiogram in lateral view (B) was demonstrated to be caused by an anterior 
cranial fossa dural arteriovenous shunt ( long arrow) supplied by ethmoidal branch- 
es of the ophthalmic artery with direct reflux towards cortical cerebral veins and 
transcerebral veins ( short arrows) associated with apparent thrombosis at the en- 
trance into the superior sagittal sinus ( open curved arrow) 




Fig. 8.19. A 55-year-old man presented with acute onset of headache and midbrain 
neurological deficit, which the unenhanced CT scan (A) shows to be caused by a 
small midbrain hemorrhage (arrow). Right external carotid (B) and selective as- 
cending pharyngeal angiograms (C) in lateral view and catheter tip in the neu- 
romeningeal branch (short arrow) demonstrate the cause to be a foramen magnum 
dural arteriovenous shunt (long arrow) with direct reflux towards the perimedullary 
and perimesencephalic venous systems (open curved arrows) and rupture at the mid- 
brain level 
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8.5.7 Associated Conditions and Multiplicity 

DAVSs in adulthood are an acquired disease, and there is no relationship 
to hereditary or developmental disorders. On the other hand, we have 
seen brain AVMs as well as cavernomas occur in patients with DAVSs 
(Figs. 8.16, 8.20) (Table 8.5). Treatment priorities should take into consid- 
eration the natural history of the various coexisting disorders. In excep- 
tional circumstances similar to those in high-flow multifocal DAVFs in 
children, we have seen the apparent induction of pial AVSs upstream from 
a DAYS. These pial shunts tend to regress after treatment of the DAYS. 



Table 8.5. Vascular diseases associated with dural arteriovenous shunts 

Cerebral AVM 
Maxillofacial AVM 

Hereditary hemorrhagic telangiectasia (HHT) or Rendu-Osler-Weber syndrome 
(ROW) 

Bone AVM (local extension or metameric expression) 

Cavernomas 

Intra- or extradural arterial aneurysms 
AVM, arteriovenous malformations. 




Fig. 8.20A-C. A 45-year-old woman with a 3-month history of right-sided bruit. 
Right internal carotid angiogram in lateral view (A) shows a moderate size parietal 
lobe brain arteriovenous malformation, while right external carotid angiogram (B) 
in lateral view and left ascending pharyngeal angiogram (C) in AP view demonstrate 
a right-sided retroclival dural arteriovenous shunt with antegrade venous drainage 
toward the jugular venous system 
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Fig. 8.21 A-C. A 28-year-old 
patient with a family history of 
Ehlers-Danlos syndrome pre- 
sented with multiple episodes 
of subarachnoid hemorrhage. 
Angiography (A) demonstrates 
DAVM with cortical venous 
drainage. Enhanced CT study 
shows the venous ectasias, both 
supra- (B) and infratentorial (C) 





Aneurysms are occasionally associated with DAVSs and may be on the 
feeding vessels, either extradural or subarachnoid in location. They are 
slightly more common in the pediatric DAVSs and are rarely sympto- 
matic. 

The appearance of a DAVS may be modified in the presence of an un- 
derlying vessel wall disorder such as Ehlers-Danlos syndrome (Fig. 8.21). 
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Fig. 8.22A-D. A 54-year-old male patient presented with sudden onset headache. T2- 
weighted MRI (A) shows evidence of small parenchymal hemorrhage ( white arrow) 
as well as posterior falx meningioma ( black arrow). Distal right external carotid an- 
giogram in AP (B, C) and lateral views (D) demonstrate evidence of a dural arteri- 
ovenous shunt (DAVS) along petrous ridge ( long arrows ), supplied mostly by the 
squamosal branch of the middle meningeal artery and with deep venous drainage as 
well as a second DAVS located along the parietal convexity ( short arrows) draining 
directly into cortical veins and responsible for the hemorrhage 



Multiple DAVSs in clearly separate anatomical locations in the same 
patient were demonstrated in 8.1% of the Toronto series (van Dijk et al. 
2002a) (Fig. 8.22). In this series, multiplicity was associated with a twofold 
increase in the incidence of cortical venous reflux. 

The development of additional DAVSs over time is very rare but em- 
phasizes the need to continue to follow patients with DAVFs and to rein- 
vestigate them when new symptoms or signs occur (Fig. 8.23). 
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Fig. 8.23A-D. A 70-year-old woman presented with a 2-month history of red eye. At 
right external carotid angiogram in lateral view (A), she was shown to have a cav- 
ernous plexus dural arteriovenous shunt (DAVS, long arrow) with orbital drainage as 
well as cortical reflux toward the cerebellar venous system ( short arrows). Combined 
transarterial embolization and surgical disconnection resulted in complete oblitera- 
tion of this DAVS shown on posttreatment distal external carotid angiogram in lat- 
eral view (B). Follow-up distal external carotid angiogram in lateral view (C) and 
right anterior oblique view (D) confirms closure of the cavernous plexus DAVS but 
demonstrates a newly developed DAVS along the right frontal convexity (arrow), with 
direct drainage into the adjacent cerebral cortical venous system (open arrows) 



In a small number of our patients, we have documented the coexistence 
of benign intracranial neoplasms, mostly meningiomas, some of which 
were noted to involve the dural sinuses (Figs. 8.22,8.24) (Vilela et al. 2001). 
The coexistence of these diseases may or may not be fortuitous, and treat- 
ment should first be directed toward the symptomatic lesion. 
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Fig. 8.24A-C. A 38-year-old 
female patient presented with 
tinnitus and multiple cranial 
nerve palsies. Enhanced Tl- 
weighted MRI (A) shows evi- 
dence of a meningioma (arrow) 
involving the skull base, mostly 
supplied by the ascending pha- 
ryngeal artery, AP view (B), and 
shown to be associated with 
a dural arteriovenous shunt 
along the ipsilateral transverse 
sinus with transosseous supply 
from the occipital artery, lateral 
view (C), and retrograde flow 
in the dural sinus because of 
distal thrombosis (arrow) 



8.6 Natural History 

The natural history of DAVSs was until recently poorly documented and 
mostly reviewed retrospectively (Fernand et al. 1987; Awad et al. 1990; 
Cognard et al. 1995). Davies et al. reported the first large prospectively col- 
lected series of patients with DAVSs in 1997 (Davies et al. 1997a, b). In this 
Toronto series, 102 patients with intracranial DAVSs were followed for an 
average of 33 months, with complete follow-up in 91%. Of the 55 patients 
who had a DAVS without leptomeningeal and cortical venous reflux, 32 re- 
ceived no treatment. Symptom improvement or resolution occurred in 
81% of these patients as compared to 86% of the treated patients with the 
same angioarchitecture. In the same series, there were 46 patients who 
had a DAVS with leptomeningeal and/or cortical venous reflux and 14 of 
these declined further treatment. At follow-up, this group had an 11% 
nonhemorrhagic neurological deficit rate per year and a 20% ICH rate per 
year. During the follow-up there was no transition in the venous drainage 
pattern from sinusal to leptomeningeal/cortical in any of the patients. 
All patients who had unsuccessful treatment and persistence of the lep- 
tomeningeal reflux developed ICH or neurological deficits on follow-up 
(Davies et al. 1997a, b). 

In an updated review of 118 patients with DAVSs and leptomeningeal 
reflux, the Toronto team demonstrated an annual risk for nonhemorrhag- 
ic neurological deficit of 6.9% and 8.1% for hemorrhage, with an annual 
mortality rate of 10.4% (van Dijk et al. 2002b). In a group of patients that 
had originally presented with hemorrhage, Duffau et al. (1999) demon- 
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Fig. 8.25A-D. A 45-year-old female patient presented with 3-month history of tinni- 
tus and left red eye. Left common carotid angiogram in lateral view in early (A) and 
late arterial phase (B) showed evidence of slow flow cavernous plexus dural arterio- 
venous shunt (DAVS) with drainage towards the superior ophthalmic ( white arrow) 
and inferior petrosal venous system ( black arrow). No treatment was given and rein- 
vestigation 6 months later, when the bruit had disappeared, demonstrated on left 
external carotid angiogram in lateral view (C), that there was no longer venous 
drainage towards the petrosal sinus but instead extensive cortical venous reflux had 
developed towards the sylvian ( white arrow) and deep venous system ( black arrow), 
which was treated with transarterial embolization and intraoperative (via the sylvian 
vein) retrograde venous coil deposition into the cavernous plexus. Obliteration of 
the DAVS was confirmed on the posttreatment external carotid angiogram in lateral 
view (D) 
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strated a 35% risk for rebleed within the first 2 weeks after presentation. 
These data support the need for active and curative treatment of the DAVS 
when associated with leptomeningeal and/or cortical venous reflux and 
very conservative management of those DAVSs that have no such venous 
drainage. 

From a practical point of view, there is no obvious clinical difference 
between a lesion of the cribriform plate and a lesion of the sigmoid sinus 
associated with proximal and distal sinus thrombosis and leptomeningeal 
retrograde flow. However, we suspect that before the thrombosis occurred 
on both sides, it probably occurred on one side, with the sinus probably 
patent before this time. However, we postulate here that the DAVS preex- 
isted the thrombosis, a hypothesis that may not always be confirmed. 
Thus, the natural history may not only be that of the lesion itself but also 
that of the changes in the adjacent venous outlets. 

In our experience and in the literature (Cognard et al. 1997; Satomi et 
al. 2002), there are isolated cases of DAVS in which transformation of the 
venous drainage pattern from sinusal to retrograde leptomeningeal/cor- 
tical has occurred. Almost all of them developed after previous endovas- 
cular or surgical treatment and rarely occurred spontaneously (Fig. 8.25). 
In our experience, this type of progression has occurred in less than 1% 
of cases. 



8.7 Progression of Symptoms 

Additional thrombosis of the venous outlet of a DAVS may result in 
rerouting or exaggeration of drainage into cortical veins, leading to po- 
tential focal CNS symptoms and/or hemorrhagic complications. A change 
in the clinical symptomatology (the disappearance of pulsatile tinnitus, 
etc.) may imply a change in the venous drainage pattern and should lead 
to renewed investigation (Castaigne et al. 1976). Thrombosis may also 
lead to a so-called spontaneous cure of the DAVS, but probably only if the 
thrombosis extends into the nidus. Spontaneous regression has been re- 
ported following hemorrhage (Katoaka and Taneda 1984; Olutola et al. 
1983). Spontaneous thrombosis of DAVSs without leptomeningeal reflux 
managed conservatively occurs infrequently and is in our experience 
most frequently associated with the slow flow cavernous plexus localiza- 
tion of the DAVS. Secondary glaucoma and worsening of orbital symp- 
toms may be the result of progressive thrombosis of the posterior or su- 
perior venous drainage and should lead to renewed investigations and 
close clinical monitoring. Visual impairment related primarily to conges- 
tive venous ischemia of the optic nerve may progress acutely following 
venous thrombosis and may require aggressive medical therapy with an- 
ticoagulation and steroid medication. 

Changes in symptomatology appear, therefore, to be caused by the as- 
sociated thrombosis and are rarely caused by a worsening of the flow 
through the shunt itself. 

The exception appears to be the high-flow juvenile-type DAVFs per- 
sisting into adulthood and the multifocal DAVSs extending along the 
transverse sinus regions, bilaterally causing a physiological obstruction to 
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Fig. 8.26A-D. A 53-year-old man presented with a 9-month history of mental decline, 
ataxia, and increasing bilateral bruits. Left occipital angiogram in lateral view (A) 
shows evidence of high-flow transverse sinus dural arteriovenous shunt (DAVS, open 
arrows). Similar appearance was noted on the opposite side, indicating bilateral high- 
flow DAVSs with antegrade drainage on both sides. Left internal carotid angiogram 
in lateral view, venous phase (B), shows evidence of hemispheric rerouting of the ve- 
nous blood towards the convexity cortical venous system, the cavernous sinus and 
superior ophthalmic venous system ( open arrows) to bypass the hyperpressure in the 
transverse sinuses. Aggressive transarterial embolization of the external carotid ar- 
terial supply to the DAVS, as shown on the postembolization external carotid an- 
giogram in lateral view (C), resulted in return toward normal antegrade flow in the 
dural sinuses ( open arrows), as shown on the internal carotid angiogram in lateral 
view, venous phase (D) 
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the venous return of the brain (Figs. 8.15, 8.26). Depending on the poten- 
tial for rerouting the venous return of the brain, focal and global CNS 
symptoms may occur and worsen over time. 



8.8 Pretherapeutic Evaluation 

In the evaluation of patients presenting with acute symptoms, CT exami- 
nation should be performed to document the presence of intracranial 
hemorrhage. The ICH appearance on CT may raise the suspicion but 
rarely demonstrates the presence of an underlying DAVS. In addition to 
the presence of ICH, good-quality MRI examination will demonstrate ab- 
normally prominent vessels along the surface of the brain or cerebellum, 
raising the possibility of a DAVS with cortical venous reflux as the possi- 
ble cause for patients presenting with acute neurological deficits. We have 
found MRA to be of limited value in providing information pertaining to 
the angioarchitecture of the DAVF sufficiently conclusive for decision- 
making purposes. Cerebral angiography is then carried out to confirm the 
diagnosis, identify the dural origin of the nidus, and outline its arterial 
supply and venous drainage as well as its relationship to the venous 
drainage of the brain. A venous ectasia or pseudoaneurysm (opacified 
portion of the hematoma communicating with the ruptured vein), may be 
demonstrated at angiography and attest to the venous cause of the ICH 
(Fig. 8.17). 

The evaluation of patients presenting with subacute and chronic symp- 
toms will most likely include CT and MRI examinations done with con- 
trast enhancement. Both modalities are capable of demonstrating en- 
gorged cortical veins over the surface of the brain as well as evidence of 
venous congestion ( Willinsky et al. 1994). When small in size, the nidus is 
rarely localized, even with MRA, and the diagnosis of intracranial DAVS is 
not excluded with negative CT and MRI examinations. If clinically suspi- 
cious, cerebral angiography will be required to demonstrate the presence 
or absence of a DAVS. 



8.9 Therapeutic Aspects 

8.9.1 Indications and Strategy 

As a general principle, the therapeutic strategy will be based on the pat- 
tern of venous drainage of the lesion, since it determines the natural his- 
tory of the DAVS. 

The indications for treatment of DAVSs that drain directly into a dural 
venous sinus with normal antegrade flow in the sinus are limited. The nat- 
ural history of this type of DAVS is now known to be benign and the 
chances of stability or spontaneous symptom resolution are high. Treat- 
ment, from a medical point of view, is therefore rarely indicated. In addi- 
tion, if treatment is contemplated, the associated risk of such treatment 
will have to be extremely low and less than the natural history-related risk 
of the disease itself. 
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Only in exceptional circumstances will a high-flow DAVS create a phys- 
iological obstruction to the drainage of the normal brain, which in turn 
may produce clinical symptoms and require active treatment (Figs. 8.15, 
8.26). In these circumstances, treatment should always be directed toward 
the arterial side of the lesion in order to preserve the dural sinus and bring 
the venous pressure in the dural sinus toward normal, enabling the brain 
to use this sinus again for its drainage. 

Double vision and subjective bruits are sometimes not well tolerated by 
the patient and may require elective intervention. Once again, the treat- 
ment-associated risk will then have to be weighed against the very low 
risk of the disease itself. 

With improved understanding of the dural sinus vascular anatomy and 
improved imaging techniques, it has become possible to selectively trans- 
venously identify and occlude a dural sinus compartment that is exclu- 
sively involved in the drainage of the AVS, with preservation of the main 
dural sinus channel for drainage of the healthy brain (Fig. 8.27). 

Because of distal venous obstruction, DAVSs draining into the trans- 
verse sinus may be associated with retrograde flow towards the opposite 
site and reflux upstream to the superior sagittal sinus or the straight sinus 
and deep venous system. Treatment of such DAVSs is indicated but can 
be challenging. Reestablishment of flow through the obstructed sinus by 
means of angioplasty and stenting has so far been problematic. Arterial 
embolization followed by transvenous disconnection of the involved dur- 
al sinus has proven to be the most efficient treatment method. 




Fig. 8.27A-G. A 66-year-old female patient. Right external carotid angiogram in AP 
view (A) showed evidence of dural arteriovenous shunt (DAVS) along (within) the 
superior sagittal sinus with antegrade drainage (arrow). Right common carotid an- 
giogram in AP view, early arterial phase (B) and venous phase (C) demonstrate sep- 
arate venous drainage channels from the brain versus the AVS (arrow). D-G see p. 600 
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Fig. 8.27 (continued). Selective retrograde transvenous obliteration of the compart- 
ment draining the AVS was achieved with coils (D) and right internal carotid angio- 
gram in AP view (E) demonstrates preservation of the compartment of the superior 
sagittal sinus draining the brain. Left occipital angiogram in AP view before (F) and 
after coiling of the compartment within the dural sinus draining the AVS (G) demon- 
strates obliteration of the AVS. (Courtesy of Dr. R. Piske) 
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Fig. 8.28A-G. A 48-year-old man presented with sudden onset of headache. CT scan 
(A) shows evidence of left posterior temporal lobe hemorrhage. Left occipital an- 
giogram in lateral view, early arterial phase (B), demonstrates evidence of DAVS 
(arrow) adjacent to the transverse sinus, with drainage toward a temporal lobe corti- 
cal vein. Late arterial phase (C) shows this cortical vein ( curved open arrow) to reach 
the transverse sinus beyond an area of thrombosis ( open arrow). Retrograde trans- 
venous approach (D) via the suboccipital venous plexus toward the cortical vein 
proved feasible (arrows) and coils (arrow) were deposited at the junction between the 
dural sinus and the cortical vein, as shown on lateral skull film (D). E-G see p. 602 
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Fig. 8.28 ( continued ). Postembolization external carotid angiogram in lateral view (E). 
Postembolization external carotid angiogram in lateral view (F) demonstrates that 
there is no longer opacification of the DAVS, and the internal carotid angiogram in 
lateral view, venous phase (G), shows preservation of the cortical vein (arrows), 
which is being utilized again by the brain circulation 



Careful analysis of the cerebral and cerebellar venous drainage patterns is 
mandatory to verify the impact and safety of the planned dural sinus sac- 
rifice. 

Indications for treatment of these DAVSs, which have direct retrograde 
leptomeningeal venous drainage, are now well established, and a cure 
must be obtained in order to prevent future ICH or neurological deficits 
(Davies et al. 1997b). Arterial or venous approaches can be proposed but 
must result in a disconnection of the leptomeningeal reflux (Fig. 8.28). 
There is no role for partial treatment under these circumstances. 



8.9.2 Topographic Considerations 

Once the indications and the goal of treatment have been established, a 
choice will need to be made as to how best to approach a DAVS in a given 
location. Certain specific anatomical features make some locations more 
difficult to approach than others. 

DAVSs along the floor of the anterior cranial fossa can only rarely be 
reached from the arterial side through the ophthalmic and ethmoidal 
arterial systems and are usually much more easily and safely treated by 
surgery. 

DAVSs of the superior sagittal sinus (SSS) are technically challenging to 
treat definitively from the arterial side because of the distal location of the 
nidus with respect to the achievable position of the tip of the micro- 
catheter in the external carotid artery branches. In selected cases, this ap- 
proach has proven to be curative. Retrograde venous approaches can be 
proposed to disconnect cortical venous reflux but sacrifice of the SSS si- 
nus itself is usually not a good choice unless limited to the anterior third 
of the sinus. Surgical skeletonization of the sinus is often the only choice 
if a cure has to be achieved. DAVSs along the tentorium can sometimes be 
cured from the arterial side but this requires a perfect embolization of the 
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nidus to avoid collateral circulation from other sources and more often 
surgery will be required to obliterate these shunts. 

DAVSs at the cavernous sinus level can be treated in many different 
ways, depending on the goal to be achieved. For palliative symptom relief, 
the arterial approach using particle embolization may be sufficient. In a 
selected group of patients, manual compression may be proposed. It is 
imperative to confirm that there is no significant disease at the carotid 
bifurcation and that the patient understands the instructions of compres- 
sion, i.e., that the contralateral hand is used for compression, to avoid em- 
bolic or ischemic complications. 

To attain a cure for retrograde leptomeningeal or cortical reflux, the 
venous approach is most likely to succeed (Fig. 8.29), unless access to the 
sinus is restricted because of coexisting thrombosis (Fig. 8.25). Even when 
the inferior petrosal sinus was not opacified, we were frequently able to 
access the cavernous sinus through this apparently occluded channel. If 
this fails the retrograde transvenous approach through the superior oph- 
thalmic vein should be considered. This can be done through a direct sur- 
gical approach or via the femoral vein approach, retrogradely through the 
external jugular vein (EJV) toward the facial vein, the supratrochlear vein, 
the ophthalmic vein, and finally the cavernous sinus. Transvenous discon- 
nection of the refluxing vein (cavernous sinus to sylvian) can also be per- 
formed by intraoperatively accessing the sylvian vein and advancing a 
microcatheter retrogradely toward the cavernous sinus and depositing 
coils into the sinus (to achieve a cure) or into the proximal aspect of the 
sylvian vein (to protect from future hemorrhage and neurological deficit) 
(Fig. 8.25). 

Disconnection of the cortical venous reflux in the absence of oblitera- 
tion of the DAVF may result in redirection of the venous flow toward an- 
other outlet or worsen the flow toward an existing venous outlet and thus 
worsen clinical symptoms (blindness, etc). 

DAVSs located along the petrous bones and at the foramen magnum 
level are often fed by arteries, which are hazardous to embolize because of 
patent anastomoses with the posterior circulation and spinal cord arter- 
ies (i.e., occipital or pharyngovertebral anastomoses, the lateral spinal 
artery), or their supply to the transcranial nerves. Since these DAVFs 
frequently demonstrate retrograde leptomeningeal reflux towards the 
cerebellar and perimedullary venous systems, a cure must be achieved. 
This can sometimes be accomplished by careful arterial embolization us- 
ing flow control and a liquid embolic agent (Fig. 8.5) or by the retrograde 
venous approach. If incomplete, microsurgical disconnection will be 
needed. 

DAVSs located along the transverse sinus region can be treated in many 
different ways, depending on the goal to be achieved. For palliative symp- 
tom relief, we recommend arterial embolization. To treat retrograde lep- 
tomeningeal and cortical reflux, the venous approach will more likely re- 
sult in a predictable cure. Superselective disconnection of the refluxing 
vein is preferred over sacrifice of the dural sinus although this is often 
necessary to achieve a cure. Attention should be paid to the drainage pat- 
tern of the brain and the cerebellum in order to assess the risk of treat- 
ment-related venous infarction. Proximal or distal thrombosis involving 
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Fig. 8.29A-F. Legend see p. 605 
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◄ Fig. 8.29A-F. A 77-year-old female patient presented with a 3-month history of left 
eye chemosis. Left external carotid angiogram in lateral view (A) shows evidence of 
dural arteriovenous shunt (DAVS) at cavernous plexus region with reflux towards the 
sylvian cortical venous system ( long arrow) and the inferior petrosal vein ( short ar- 
row). Left internal carotid angiogram in lateral view, venous phase (B) shows no 
opacification of the sylvian venous system {arrow), indicating venous congestion 
caused by cortical venous reflux from the DAVS. Venogram (C) in lateral view fol- 
lowing retrograde transvenous approach via the inferior petrosal sinus to the junc- 
tion between the cavernous plexus and the sylvian vein was achieved ( arrows ) and 
shows opacification of the sylvian cortical venous system. Coils were placed at this 
junction as well as into part of the cavernous plexus, as shown on plain film in later- 
al view (D). Left external carotid angiogram in lateral view (E) demonstrates that 
there is no longer opacification of the sylvian cortical venous system, which was 
opacified {small arrows) on the venous phase of the internal carotid angiogram in 
lateral view (F) 



the dural sinus may interfere with retrograde venous access and surgery 
may be the only alternative. 



8.9.3 Technical Aspects 

The various techniques of embolization are discussed in Chap. 14 of this 
volume. 

As discussed in the preceding section, the type of embolization (arterial 
vs. venous) will depend on the goal to be achieved and the access available. 

If palliative treatment is the goal arterial embolization with polyvinyl 
alcohol (PVA) particles or tissue-adhesive liquid embolic agent is our pre- 
ferred strategy. 

If, on the other hand, treatment is expected to be curative then such ar- 
terial embolizations may not be sufficient and may have to be carried out 
in combination with a retrograde transvenous approach. The embolic ma- 
terials to be used for leptomeningeal/cortical vein disconnection as well 
as dural venous sinus sacrifice are most likely various types of coils alone 
or in combination with liquids (see techniques). 



8.9.4 Timing of Embolization 

Treatment carried out for the purpose of symptom palliation can be per- 
formed electively after selective angiography and cortical venous reflux 
has been excluded. Sometimes treatment has to be carried out in stages, 
in particular when dealing with extensive and multifocal DAVSs. 

DAVSs of the cavernous sinus presenting with rapid visual deteriora- 
tion should be treated urgently, as they require aggressive therapy to pre- 
serve vision. This may include topical ophthalmic medications, Diamox to 
inhibit and decrease aqueous production, or even systemic diuretics such 
as Mannitol or Lasix. Steroid medication as well as anticoagulation should 
be seriously considered when venous thrombosis is perceived to be the 
cause of the clinical deterioration. 
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Treatment for patients who presented with ICH or neurological deficit 
and who at diagnostic angiography were found to have a DAVS with ret- 
rograde leptomeningeal reflux should be managed aggressively. If the ICH 
is well tolerated endovascular treatment should be scheduled within the 
next few weeks. There is evidence that rebleed may occur early (Duffau et 
al. 1999) and we recommend treatment be carried out soon after the di- 
agnosis has been made in view of the known poor risk associated with the 
natural history. Endovascular treatment, which in these circumstances 
may require several stages, must be curative, and if leptomeningeal and/or 
cortical reflux continues to exist after embolization surgical disconnec- 
tion or skeletonization will be needed. 



8.9.5 Results of Embolization 

The results of any type of treatment (manual compression, endovascular 
treatment, etc.) with DAVSs draining forward into the dural sinuses will 
have to be weighed against the favorable spontaneous symptom resolu- 
tion that occurs in these patients as part of their natural history. Accord- 
ing to Davies et al. (1997a), 86% of such patients experienced symptom 
relief after arterial embolization versus a similar clinical result in 81% of 
patients who did not undergo any specific treatment. 

The results of endovascular treatment (arterial or venous) of DAVSs 
that have retrograde leptomeningeal and/or cortical venous reflux have 
been reported in single case reports and a few larger series (Urtasun et al. 
1996; Roy and Raymond 1997; Davies et al. 1997b; Goyal et al. 1999). Since 
the goal of such treatment is to obliterate the venous reflux, the outcome 
of the embolization must be an anatomical cure and not just symptom re- 
lief. An anatomical cure was achieved in 70%-88% of patients treated by 
arterial and/or venous or combined endovascular approaches (Urtasun et 
al. 1996; Roy and Raymond 1997; Davies et al. 1997b). 

We favor starting with the arterial approach, using a permanent em- 
bolic agent such as NBCA. If this approach is not curative, then the retro- 
grade transvenous approach should be used immediately afterwards in 
order to achieve an anatomical cure. We prefer to disconnect the lep- 
tomeningeal or cortical reflux by the venous approach as a primary objec- 
tive, and only as a secondary choice do we sacrifice the affected dural sinus. 



8.9.6 Complications of Embolization 

The potential hazards of arterial embolization of DAVSs are related to the 
neurological territories of these feeders, their potential anastomoses to 
the intracranial circulation, and their blood supply to the transcranial 
nerves. Such complications should be avoidable with thorough knowledge 
of the vascular anatomy and their variations described in Vol. 1 of this se- 
ries. The position of the tip of the microcatheter and the type of embolic 
material chosen should be selected with this risk in mind. There is, in our 
opinion, no benefit from provocative injection of certain drugs (Xylo- 
caine, etc.) if the above guidelines are followed. 
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The risks associated with the retrograde transvenous approach are, 
other than vessel perforation, mostly related to the underestimated effect 
that the dural sinus sacrifice might have on the venous drainage of the 
cerebral and cerebellar circulations. Transient neurological deficits have 
been reported between 4% and 33%, permanent neurological deficits in 
4%-5%, and mortality in 0%-4% (Urtasun et al. 1996; Roy and Raymond 
1997). 

Reports describing the retrograde superior ophthalmic vein approach 
to DAVSs of the cavernous sinus region have noted complications to be 
mostly related to vascular access and vessel perforation (Teng et al. 1988; 
Monsein et al. 1991; Goldberg et al. 1996). 



8.9.7 Surgery 

Surgery should be considered whenever a complete cure is indicated and 
endovascular techniques have failed to be curative or were considered 
unfeasible. Possible surgical approaches include direct intraoperative 
meningeal arterial or venous embolization, resection of the abnormal 
dura, or sinus endo luminal packing. More recently, surgical disconnection 
of the retrograde leptomeningeal venous drainage has been proposed 
(Grisoli et al. 1984; Davies et al. 1997b), a technique similar to that used for 
spinal dural fistulae. Skeletonization of the dural sinus can be performed 
to treat extensive multifocal DAVSs, with preservation of the sinus and 
cortical venous entrances while disconnecting the dural arterial supply. 
Presurgical arterial embolization is still recommended in these circum- 
stances. 

The risk associated with surgical management of DAVSs has gradually 
improved over the past two decades, with better understanding of the 
goals to be achieved and the realization that it should only be done if em- 
bolization failed (Malik et al. 1984; Sundt and Pipegras 1983; Borden et al. 
1995; Lucas et al 1997; Davies et al. 1997b; Collice et al. 2000). 

More recently stereotactic radiosurgery has been proposed for treat- 
ment of deep-seated DAVSs, which could not be treated by endovascular 
or microsurgical techniques. The results are preliminary but appear to be 
encouraging for this particular indication (Guo et al. 1998). 

With a natural history risk of up to 15% per year for ICH or neurolog- 
ical deficit, DAVSs associated with leptomeningeal or cortical reflux 
should be cured as soon as possible with the lowest possible risk, which is 
in our opinion embolization followed by surgery if embolization is in- 
complete. 
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9.1 Incidence of Cerebral Vascular Malformations 

The prevalence of brain arteriovenous malformations (BAVMs) in a given 
population is difficult to estimate. It is believed that between 0.14% and 
0.8% of the population may present with a BAVM in a given year (Garret- 
son 1985; Jellinger 1986). These varying figures result from studies of 
disparate populations, ranging from the residents in a small community 
(Mohr 1984) to autopsy series (Jellinger 1986). Overall, however, the inci- 
dence of symptomatic BAVMs in adults appears to represent about one- 
tenth the frequency of intracranial arterial aneurysms. Various neurosur- 
gical series comparing the relative incidence of symptomatic BAVMs to 
that of brain tumors also show considerable variability, with figures rang- 
ing from 0.59% to 7.9% (Yasargil 1987). This reflects different referral pat- 
terns and the introduction of more sensitive diagnostic tools. 

Table 9.1 shows the incidence of each type of cerebral vascular malfor- 
mation (CVM) in a review of a general autopsy series. Jellinger (1986) re- 
viewed the various published autopsy series from 1945 (Courville) to 1985 
(the Linz Hospital experience). 

When comparing the overall incidence of CVM in the general autopsy 
series to the incidence of CVM in autopsies performed specifically for 
cerebral hemorrhage associated with a lethal bleeding episode, one 
should be able to ascertain the bleeding potential for each type of CVM. 

The accuracy of the reported incidence and number of telangiectasias 
in relation to other CVMs in any autopsy series is questionable, since 



610 9 Cerebral Vascular Malformations 



Table 9.1. Incidence of cerebral vascular malformations (from Jellinger 1986, with 
permission) 





General 
autopsy series 
(«=45,464) 


Autopsy series for 
cerebral hemorrhage 
(w=l,529) 


Cerebral vascular malformations 


6% 


7% 


Arteriovenous malformations 


0.15% 


3% (x20) 


Cavernomas 


0.05% 


0.5% (x 10) 


Venous angiomas 


0.25% 


0.8% (x3) 


Telangiectasias 


0.15% 


2.7% (xl8) 



telangiectasias that have not previously bled are usually not identified at 
autopsy. 

Despite this caveat, arteriovenous malformations (AVMs) and telang- 
iectasias are encountered 18-20 times more frequently in autopsies for 
cerebral hemorrhage. Cavernomas show a tenfold higher incidence in 
autopsies performed for cerebral hemorrhage. Developmental venous 
anomalies (DVAs; venous angiomas) showed a threefold increased inci- 
dence in the presence of cerebral hemorrhage, which is not statistically 
significant and supports the view that the incidental discovery of most 
such lesions is a normal variant in their venous system. The associated 
hemorrhages are in fact almost always related to an associated caver- 
noma, as was clarified when MRI came into practice. BAVMs and telang- 
iectasias are equally present in both the general population (0.15%) and 
in autopsies of patients with cerebral hemorrhage (3%). This suggests the 
overall fatal outcome of both types of lesions; however, there is some dis- 
crepancy between autopsy findings (Table 9.2) and their discovery in clin- 
ical series (Table 9.3). 

In clinical series, the percentage of supratentorial CVMs is higher than 
in autopsy series (9% vs. 20%). The opposite is true in infratentorial 
CVMs, where the percentage in autopsy series is two to five times higher 
than in clinical series. Telangiectasias, however, are significantly more fre- 
quent in the posterior fossa (60%-70%) and occur mainly in the brain- 
stem (Table 9.4). They have not been described in children below 5 years 
of age. In addition, they are usually silent until they bleed. This difference 
in preferential location, favoring the brainstem, combined with infraten- 
torial hemorrhages generally being more lethal than supratentorial bleed- 
ing, explains the discrepancy between clinical and autopsy results. 

Attempts to understand the incidence of CVM from reviewing the lit- 
erature are often disappointing and misleading. Various names are given 
to the same lesions, and different lesions are collected under the same 
labels. The lack of recognition that DVAs are vascular anomalies and not 
malformations further alters the reliability of the numbers given. 

Pathological classifications of CVMs can be limited, due to the origin of 
the material: some are based on autopsy specimens, while in others only a 
portion of the lesion is reviewed. Frequently, the specimen was not im- 
aged in vivo, missing the often critical hemodynamic factors of a vascular 
lesion. Therefore, the true clinical significance of the lesion and its actual 
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Table 9.2. Overall distribution of cerebral vascular malformations regardless of 
type, autopsy findings 3 (from McCormick and Rosenfield 1973; Jellinger et al. 1968) 



Cerebral vascular malformation 


Distribution (%) 


Cerebral hemisphere and corpus callosum 


64.8-70 


Intraparenchymatous and deep-seated 


8.5-9 


Brainstem 


13-16.1 


Cerebellum 


11.8-17 



Autopsy series, «=1,019. 



Table 9.3. Overall distribution of cerebral vascular malformations regardless of 
type, discovery in clinical series 3 (from Morello and Borghi 1973; Krayenbuhl 1972; 
Berry 1966; Perret and Nishioka 1966) 



Cerebral vascular malformations 


Distribution(%) 


Cerebral hemisphere and corpus callosum 


76.6-90 


Intraparenchymatous and deep-seated 


2-8 


Brainstem 


2.6-7 


Cerebellum 


5-9.6 



Clinical series, «=1,320. 



Table 9.4. Topographic distribution by type of cerebral vascular malformation 3 
(from McCormick and Rosenfield 1973; Jellinger 1986) 





Supratentorial (%) 


Infratentorial (%) 


Arteriovenous malformations 


70-76 


24-30 


Cavernomas 


61-74 


26-39 


Venous angiomas 


57-60 


40-43 


Telangiectasias 


30-37 


63-70 



Autopsy series, n= 854. 



biological behavior is often unclear (Tables 9.4, 9.5). Topographic and 
morphological descriptions are hindered by poor anatomical analysis, in- 
complete angiographic studies, and failure to understand or to recognize 
unusual vascular variations or dispositions, thereby making the descrip- 
tion and interpretation of many lesions inaccurate. 

Surgical classifications are technically oriented (Drake 1979; Forster et 
al. 1972; Luessenhop and Gennarelli 1977; Wilson et al. 1979; Parkinson 
and Bachers 1980; Shi and Chen 1986; Spetzler and Martin 1986) and are 
mostly geared toward surgical decision making. They are technique ori- 
ented and do not assist in the understanding of the pathophysiology of 
the disease and its epidemiology. They often assume that the behavior of 
the vascular tree is identical from one patient to another and remains un- 
changed throughout life. Surgical series tend to overlook potentially im- 
portant features such as arterial aneurysms, venous pouches, and anatom- 
ical variations that were demonstrated in 30% of Yasargil’s patients (1987) 
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Table 9.5. Distribution by type of cerebral vascular mal- 
formations 3 (from McCormick 1968; Jellinger 1986) 



Cerebral vascular malformation 


Distribution (%) 


Arteriovenous malformations 


13-57 


Cavernomas 


9-16 


Venous angiomas 


15.4-59.3 


Telangiectasias 


12-20.6 


Varix 


1.2-2. 3 


Multiple lesions 


2-3.5 



Autopsy series, «=1,019. 



and 24%-32% in Willinsky’s series (1990). Spetzler and Martin (1986), in 
their classification, did not take into consideration the possible displace- 
ment of functional (eloquent) territories in response to the presence of 
the AVM. Their grading system does incorporate the size of the AVM, the 
pattern of venous drainage, and the neurological eloquence of brain re- 
gions adjacent to the AVM. The objective of the Spetzler classification was 
to anticipate the surgical risk when confronted with an AVM while pre- 
suming that surgical skills are equal among neurosurgeons. However, the 
Spetzler grading system has also been used as a reference to the assumed 
natural history of all AVMs as a group. We believe this to be wrong since 
this classification does not recognize the individual characteristics of an 
AVM in a given patient (associated aneurysms, etc.); nor does it recognize 
that a surgical high-grade AVM is not necessarily a dangerous one for the 
patient. 



9.2 Principles of Classification 

Several CVM classifications have been proposed. The various schemes 
listed below reflect our evolving knowledge and techniques available to 
study or treat these lesions: 

1. Pathological classifications (macroscopic and microscopic) relate to 
the era of visual description. 

2. Demographic classifications enhance subpopulations or specific 
groups (pediatric, adult, neurological, neurosurgical, etc.). 

3. Topographic classifications and the concept of eloquent areas refer to 
modern imaging and open surgery. 

4. Hemodynamic and morphological classifications express the interests 
of modern surgery and neuroanesthesia in hemo dynamically chal- 
lenging situations (the perfusion breakthrough phenomenon). 

5. Anatomical-clinical and radiological classifications introduce the bio- 
logical behavior of the normal and abnormal vascular system. 

While realizing that all classifications have their limitations, some type of 
reference is needed that allows for discussion and comparison. We will at- 
tempt to set forth a classification that meets a number of goals. Such a 
classification should aid in the comparison of clinical series, first by 
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establishing common terminology to better communicate features of 
CVMs, and secondly by considering known mechanisms of evolution and 
symptom production to clarify pathophysiological features. The goals of 
a useful classification should also include the enhancement of significant 
differences between apparently identical lesions or patients, prediction of 
clinical outcome, and prediction of the natural history of CVMs prior to 
treatment planning. Our contribution to the understanding of CVMs is 
based on a fundamental principle: both the vascular system and the vas- 
cular malformation are evolving entities in time and exhibit change with 
aging. Thus, when assessing a vascular malformation, one must take into 
consideration the possible impact of two dynamic situations: (1) the con- 
genital defect expressing itself as the malformation and (2) the individual 
host response to the presence of the malformation. 

The congenital defect depends on the embryonic stage at which the dis- 
order has occurred. In that sense, the embryological classification of vas- 
cular malformations could be universal. Despite certain restrictions in the 
lack of specificity in the development of brain vessels, certain broad cate- 
gories of vascular malformations remain: arterial, arteriovenous, capil- 
lary, and venous. Fundamentally, all correspond to a defect or a dysfunc- 
tion of the embryonic capillary maturation process. Pathological studies 
have helped in characterizing these different broad categories of CVM. 
Confusion and contradictions occurred when the pathology of the sec- 
ondary effects (representing the vascular system’s response to the lesion) 
was overemphasized for the purposes of precision and completeness. We 
will preserve the basic part of the pathological classification (primary 
classification) and separate these points from the specific response of the 
system representing the secondary changes. 

The effects on the surrounding vessels are acquired and correspond to 
the reaction and adaptation of the vascular tree to the congenital defect 
and to the hemodynamic alterations that it produces. These acquired ef- 
fects will influence the differences in clinical presentations and outcome. 
As is often seen in clinical practice, an apparently similar lesion can pro- 
duce major symptoms in one patient and none in another. Conversely, 
some vascular malformations with vastly different architecture may cre- 
ate the same clinical problems. This further emphasizes the importance of 
the individual host response. Similar lesions can present in different ways 
in different patients at different ages, with different preexisting vascular 
systems, which will have an individual natural history that may lead to 
completely opposite therapeutic decisions. 

The reaction of the vascular tree may start immediately, i.e., in utero, af- 
ter the flow abnormalities (anatomical adaptation) have become estab- 
lished, or occur after birth. The reaction persists or evolves with age 
(development of thrombosis, steal, kinking, vessel wall defects, collateral 
circulation, etc.) and may respond to acute events (rupture of the malfor- 
mation, surgery, radiation therapy, embolization, etc.). Many of these ac- 
quired features are potentially reversible. Some express a weakness in the 
system (high-flow angiopathy), while others indicate compensatory capa- 
bilities (spontaneous thrombosis, anatomical dispositions, collateral cir- 
culation, etc.). Appreciation of the weaknesses and the adaptability of the 
system may help us to predict the biological effect of a malformation in a 
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specific host and not merely a statistically probable event in a given pop- 
ulation. The concept of response and/or adaptation of the host (carried 
out by the vascular system) has mostly been ignored and is therefore not 
considered in the natural history of the specific lesion. 

The topographic location of a malformation is best assessed by MRI or 
CT. Angiography, however, provides anatomical identification of the arte- 
rial feeders, the angioarchitecture of the nidus, the draining veins, and the 
hemodynamic aspects of the shunt. These features confirm and accurate- 
ly delineate the presence of other associated vascular lesions as well as sig- 
nificant arterial and venous variations, and will also define the vascular 
anatomy and physiology of the normal cerebral vasculature. MRI or MRA 
alone, as well as poor angiographic studies, will not be able to identify this 
type of vascular anatomy and will make a comparison between series im- 
possible and/or unreliable. Such inadequate information will have only 
limited value for the predictability of the natural history of the malfor- 
mation being examined. 



9.3 Classification of Cerebral Vascular Malformations 

Four major types of primary defects or malformations of the vascular sys- 
tems can be identified (Table 9.6): arterial, arteriovenous, capillary, and 



Table 9.6. Classification of cerebral vascular malforma- 
tions 



Arteriovenous 

Malformations 

Fistulae 

Capillary 

Telangiectasias 

Venous 

Cavernous malformations (cavernomas) 
Mixed types 

Capillary venous 



Table 9.7. Primary classifications of the cerebral arteriovenous vascular lesions 



Arteriovenous shunts 
Single 

Micro-AV shunts (mAVM or mAVF) 

Macro-AV shunt (compartmented nidus or mAVF) 

Multiple (nonfamilial) 

Metameric (Wyburn-Mason, cerebral-facial) 

Nonmetameric (multiple separate nidi or separate compartments within one nidus 
Multiple (familial) 

Systemic (Rendu-Osler- Weber or hereditary hemorrhagic telangiectasia) 
Nonsystemic (multiple separate nidi, with or without AVF) 



AV, arteriovenous; mAVM, microarteriovenous malformation; mAVF, microarterio- 
venous fistula; AVF, arteriovenous fistula. 
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venous. For each of them, different effects on the remaining vascular sys- 
tem can be encountered (Table 9.7). 

We will consider the arteriovenous and venous malformations sepa- 
rately. The DVAs (Saito and Kobayashi 1981; Yasargil 1987; Valavanis et al. 
1983; Lasjaunias et al. 1986a) can be seen alone or associated with caver- 
nomas, capillary telangiectasias, or AVMs. 



9.3.1 Brain Arteriovenous Shunts 

Arteriovenous shunts correspond to an abnormal capillary bed with a 
shortened arteriovenous transit time. The exact location of the shunt has 
been somewhat controversial; whether they are located within the pia or 
subpially depends on the theory that one accepts for the relationships be- 
tween pia mater and cortical vessels. We favor the description that places 
all BAVMs subpially and consequently does not differentiate (as far as the 
relationship to the meningeal space is concerned) between purely cortical 
and intraparenchymatous malformations (Hutchings and Weller 1986). 
All arteriovenous lesions can therefore be viewed as subpial in location, 
including those involving the spinal cord. This contradicts the microsur- 
gical concept that all BAVMs can be regarded as being primarily extra- 
parenchymatous, even though they may be buried in the depth of the neu- 
ral tissue (Yasargil 1987). 



9.3. 7. 7 General Appearance of Arteriovenous Shunts 

Schematically, two broad categories of arteriovenous shunts can be recog- 
nized: the arteriovenous malformations (AVMs) and the arteriovenous 
fistulae (AVFs). The AVMs are characterized by a network of abnormal 
channels (nidi) between the arterial feeder(s) and the draining vein(s). 
They maybe small (micro-AVMs) with normal-sized arteries and drain- 
ing veins and a nidus smaller than 1 cm in diameter (Fig. 9.1). Macro- 
AVMs, in contrast, have arteries and veins that are usually larger than nor- 
mal; the size of the nidus is larger than 1 cm in diameter (Fig. 9.2). 

Compartments can be observed within the lesions either during an- 
giography or at surgery. AVFs may be of the micro (Fig. 9.3) or macro type 
(Fig. 9.4). 

AVMs and AVFs are the two basic forms of arteriovenous shunts that 
can be encountered throughout the CNS. Theoretically, all combinations 
of types, sizes, flow patterns, and topographies can be seen, but micro- or 
macro- AVFs have only been encountered on the surface of the brain or the 
spinal cord. AVFs appear to be more frequent in children and are relatively 
rare in adults. They were seen in only 2% of our patients (Berenstein et 
al. 1990). 

The association of different types of CVMs (AVM and cavernomas, 
AVM and DVAs, AVM and capillary telangiectasias) is rare, but can be 
seen. Their coexistence should induce a discussion with regard to the per- 
ceived natural history under such circumstances, as well as the indications 
and risks of their treatment. Treatment of a BAVM draining into a DVA 
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Fig. 9.1. CT (A) shows lobar 
hematoma from microarte- 
riovenous malformation 
(arrow) shown on vertebral 
angiogram frontal projection 

(B) and in lateral projection 

(C) . Selective angiogram of the 
feeding pedicle in lateral view 

(D) , the glue cast following 
arterial embolization (E) and 
vertebral angiogram in lateral 
view (F) immediately after em- 
bolization demonstrates com- 
plete obliteration of the nidus 
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Fig. 9.2. Right internal carotid 
injection, lateral view. Temporal 
(T-2) arteriovenous malforma- 
tion draining into cortical veins 





Fig. 9.3. Right internal carotid 
injection in lateral view. Micro- 
arteriovenous fistula of the 
upper frontal convexity (arrow). 
Note the normal size draining 
vein (small arrows) 
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Fig. 9.4. Left internal carotid 
injection in lateral view. Single- 
hole pial arteriovenous fistula 
draining into a medial hemi- 
spheric vein and the straight 
sinus 



(worse natural history) will require preservation of the DVA, as this also 
contributes to the venous drainage of the surrounding brain and in turn 
this carries an increased risk during treatment. 



9.3. 1.2 Multiple Brain Arteriovenous Malformations 

Multiple BAVMs are rare and were noted in 3% of 500 patients in Yasargil’s 
1987 series. Multiplicity of BAVMs was reported to be 2.2% in the Toron- 
to series (Matsubara et al. 2000), while Willinsky et al. (1990a) found a 10% 
incidence of multiple AVMs in the Bicetre series and an even higher inci- 
dence in children. These differences may be related to referral patterns, 
population differences, better angiography, more awareness of these asso- 
ciations, or a combination of factors. 

In this heterogeneous group with multifocal BAVMs, three types of pa- 
tients were identified (Table 9.7): (a) those with hereditary hemorrhagic 
telangiectasia (HHT), also called Rendu-Osler- Weber disease (ROW), (b) 
those with metameric cerebral and cerebral-facial syndromes, and (c) 
those with unclassified multiple lesions. 

Hereditary Hemorrhagic Telangiectasias 

HHT has been identified as an autosomal dominant disorder character- 
ized by a multisystemic vascular dysplasia and recurrent hemorrhage 
(Guttmacher et al. 1995). Two gene mutations have been identified: on 
chromosome 9 (endoglin; HHT-1) (McAllister et al. 1994) and on chro- 
mosome 12 (activin receptor-like kinase, ALK-1; HHT-2), and a third mu- 
tation is suspected to exist. An endoglin knockout mouse model has 
shown the development of what appears to be AVM nidus (Fig. 9.5). HHT 
accounted for 25% of the multifocal AVMs in the Bicetre series and 50% 
in the Toronto series. Most of our patients were young (half of them less 
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Fig. 9.5. Endoglin knock-out 
murine model showing evi- 
dence of micronidus develop- 
ment at scanning electron 
microscopy of mouse brain 
vasculature. (Courtesy of M. 
Letarte) 




than 16 years of age), presenting with CNS symptoms related to a brain 
arteriovenous shunt and a family history of HHT. Roman et al. (1978) 
found that 28% of HHT patients had cerebral AVMs, whereas 8% had 
spinal cord lesions. 

Angiography of the CNS lesions may show multiple areas of arteriove- 
nous shunting that is nearly always cortical in location, either supra- or 
infratentorial (Figs. 9.6, 9.7). In the Toronto series, the nidus was in 42% of 
cases less than 1 cm in diameter (micro- AVM). AVFs of the high-flow type 
with venous ectasias were noted in 29% (Fig. 9.6). The presentation of 
HHT patients with small BAVMs and AVFs included hemorrhage in 21% 
and seizures in 42% of patients, while all the micro-AVMs were asympto- 
matic on presentation and on follow-up. This appears to contradict the ex- 
perience with isolated micro-AVMs in the non-HHT population, patients 
who often present with hemorrhage, and it raises questions with respect 
to their different natural history and the need for treatment in the HHT 
population. The natural history of BAVSs associated with HHT may there- 
fore not be the same as for the sporadic type of AVSs (Matsubara et al. 
2000; Maher et al. 2001). 

HHT patients presenting with systemic complaints were more likely to 
develop acute CNS symptoms related to their pulmonary AVFs (brain ab- 
scess, embolic stroke) than to the presence of a BAVM (Putman et al. 1996). 
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Fig. 9.6. Multiple arteriovenous fistulae (AVFs) in a patient with a family history of 
hemorrhagic telangiectasia presenting with intracerebral hemorrhage shown on CT 
(A) from left middle cerebral artery AVF (arrow) demonstrated on left internal 
carotid angiogram in frontal view (B) and lateral view (C). Second AVF was shown to 
be fed from right pericallosal artery, as shown on right internal carotid angiogram in 
lateral view (D) 



While the clinical diagnosis of HHT is based on the combination of 
family history and cutaneous and mucous membrane manifestations, the 
angiographic findings of multiple cerebral micro-AVMs or multiple AVFs 
is highly suggestive of HHT. 

The exact relationship between CNS AVMs and telangiectatic disease is 
not clear. While new telangiectasias may form along the nasal and gas- 
trointestinal tract mucosa, we have never seen such developments in the 
CNS, nor has the development of new AVMs in the CNS been reported. 

While MRI examination of the brain has been recommended as part of 
the screening protocol for patients with known systemic manifestations 
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Fig. 9.7. Vertebral artery injec- 
tion in lateral view in a patient 
presenting with a family history 
of hereditary hemorrhagic 
telangiectasia. Note two micro- 
and one macro-nidus (arrows). 
Previous surgical clips indicate 
direct surgical approach to 
cerebral abscess related to sep- 
tic emboli from an associated 
pulmonary arteriovenous shunt 




of HHT or for their family members clinically suspected of HHT, the abil- 
ity to demonstrate CNS involvement and in particular the presence of a 
micro-AVM is limited (Putman et al. 1996; Matsubara et al. 2000). High- 
quality angiography is therefore still the modality of choice to exclude 
CNS manifestation of HHT or to demonstrate multiplicity of lesions when 
MRI has demonstrated a single AVM. 

Metameric Cerebral and Cerebral-Facial Syndromes 

A number of syndromes such as Wyburn-Mason (1943a), Bonnet et al. 
(1937) and cerebral-facial AVM, or CAMS (Bhattacharya et al. 2001), have 
associated ipsilateral AVMs with vascular malformations of the retina and 
facial regions (Figs. 9.8, 9.9). Their metameric expression reflects the com- 
mon background of the tissues involved in vasculogenesis and their dif- 
ferences in extension expresses their different origin in time when the 
trigger occurred. The metameric patterns of involvement suggest the ori- 
gin of these syndromes to be a disorder of the neural crest or adjacent 
cephalic mesoderm (Bhattacharya et al. 2001). 

Theron et al. (1974) reviewed 25 patients with Wyburn-Mason syn- 
drome and referred to this entity as a unilateral retinocephalic vascular 
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Fig. 9.8A-E. Arteriovenous malformation in a patient with Wyburn-Mason syn- ► 
drome. A, B T1 -weighted MRI, axial cuts, demonstrating the apparent discontinuity 
between the diencephalic and occipital location of the lesion. C Right internal carotid 
injection in early and D late phases. Note the extensive aspect of the diencephalic 
nidus, the optic nerve location (arrow, C), and the separate precuneus nidus. E Verte- 
bral injection in lateral view. Note the separate supply of the thalamic and occipital 
lesions 
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E 

Fig. 9.8D, E. Legend see p. 622 




624 9 Cerebral Vascular Malformations 




Fig. 9.9A-C. Associated facial 
and cerebral arteriovenous mal- 
formation (AVM). A Right facial 
artery injection. B, C see p. 625 



malformation. The lesion in all but three of his patients involved the optic 
nerve. The AVM closely follows the visual pathways and extends to the 
thalamus and hypothalamus. The nidus may be compact or separated by 
noninvolved normal brain, constituting multifocal AVMs along the optic 
pathways (Fig. 9.8). Treatment is particularly challenging (Morgan et al. 
1985) and should target the symptomatic portion or lesion. 

Other multifocal AVMs that combine facial and cerebral AVMs in a less 
specific fashion (Hanieh et al. 1981; Smith and Donat 1981) are probably a 
transitional form between HHT and WMS (polymorphic involvement in 
the vascular system and multifocality in the craniocerebral region). In 
rare instances, associations with extracranial AVMs can be seen, where the 
extracranial lesion is the symptomatic one. 

Unclassified Multiple Arteriovenous Malformations 

Several case reports have described so-called recurrent BAVMs in sepa- 
rate locations. Unfortunately, the angiographic analysis prior to surgery 
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Fig. 9.9 ( continued ). B Left and 
C right internal carotid artery 
angiograms in lateral view. The 
hypothalamic AVM (arrows) 
drains into the basal vein 
(curved arrows) 




was often incomplete and one may postulate that most cases involved 
either misdiagnosed multiple AVMs or incompletely removed AVMs. 



9.3. 1.3 Topographic Analysis of Brain Arteriovenous Malformations 

Topographic location of an AVM (Table 9.8) is best assessed by combining 
the MRI and the angiographic information. Lesions in most locations re- 
cruit predictable arterial feeders and specific draining veins. One assumes 
that the primary defect is at the capillary level. Thus, both the arterial tree 
from which the feeders originate and the venous system that drains the le- 
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Table 9.8. Topography of intracranial arteriovenous lesions and gross vascular terri- 
tories 





Cortical 

arteries 


Perforating 

arteries 


Choroidal 

veins 


Deep 

veins 


Superficial 

veins 


Cortical 


+ 


_ 


_ 


_ 


+ 


Corticosubcortical 


+ 


- 


- 


_ b 


+ 


Corticoventricular 


+ 


+ a 


+ a 


+ 


+ 


Corticocallosal 


+ 


- 


+ a 


+ 


+ 


Deep-seated 


+ c 


+ 


- 


+ 


+ b 


Choroid plexus 


- 


+ a 


+ 


+ 


+ b 



+, involved; noninvolved. 

a Subependymal arterial anastomosis or branches can be seen. 
b Can be recruited via transcerebral veins. 
c Insular and cerebellar. 



sion are, a priori, assumed to be normal. The analysis of arterial feeders 
and venous drainage can therefore accurately delineate the topography of 
the various compartments or nidi involved. Several general types of lesion 
can be differentiated based on localization. Of importance is the differen- 
tiation when venous thrombosis creates alternate patterns of drainage. 

Lesions That Reach the Cortex 

1. Cortical arteriovenous lesions reach the cortex and are exclusively 
fed by cortical arteries and drain into superficial veins. These lesions 
(Fig. 9.10) are the sulcal AVMs, as described by Valavanis and Yasargil 
(1998). 

2. Cortical-subcortical lesions recruit cortical arteries and drain into su- 
perficial veins but may also drain into the deep venous system if the 
transcerebral venous system is patent. These represent the gyral type of 
AVMs, as described by Valavanis and Yasargil (1998). 

In both cortical and cortical-subcortical lesions, some regions of the 
cortex drain to deeply located veins that should not be considered as 
truly part of the deep venous system. Such vessels include the medial 
veins of the temporal lobe and the basal vein of Rosenthal, the veins of 
the cerebellar vermis, and the precentral cerebellar veins (Fig. 9.1 1). 

3. Corticoventricular arteriovenous lesions correspond to the classic 
pyramid-shaped malformation, reaching the ventricular wall at their 
apex. Feeding arteries are both perforating and cortical. Draining veins 
are also deeply and superficially located (Fig. 9.12). 

4. Corticocallosal lesions belong to the corticoventricular group, as they 
present the same venous characteristics but do not recruit perforating 
arteries. They drain into the subependymal veins and later into the 
deep venous system (Fig. 9.13). The arterial supply to the corpus callo- 
sum is linked to the cortical arterial network, even though it may sim- 
ulate perforating arterial channels in the supraoptic region, and to 
choroidal arteries at the splenium. 
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Fig. 9.10. Right internal carotid 
artery injection in lateral view 
in a patient with a temporopo- 
lar arteriovenous malformation 
draining into cortical veins 




Fig. 9.11. Left internal carotid 
injection in lateral view in a pa- 
tient with a cortical temporo- 
medial lesion draining into the 
basal vein (arrow) 
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Fig. 9.12. Corticoventricular 
arteriovenous malformation. 
Left internal carotid injection 
in frontal view. Note the ven- 
tricular extension (arrow). The 
lesion is fed by cortical and 
lenticulostriate arteries (curved 
arrow) and drains into both 
cortical (double arrowhead) 
and subependymal veins as 
well as the ventricular veins 
(arrowhead) 




Fig. 9.13. Right internal carotid 
injection in lateral projection. 
Corpus callosum arteriovenous 
malformation draining into 
medial cortical vein and septal 
and internal cerebral veins 
(arrow) 
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Deep-Seated Arteriovenous Lesions 

Deep-seated lesions can be located supra- or infratentorially in the depth 
of the telencephalon, diencephalon, brainstem, or cerebellum (Fig. 9.14). 
Their nidus involves the deep nuclei and the long fiber tracts with their ar- 
terial and venous connections. They recruit exclusively perforating arter- 
ies and drain into the deep venous system. They may use transcerebral 
veins if patent, either as a direct venous outlet (Fig. 9.15) or as a collateral 
pathway. Transcortical arteries from the insular branches of the middle 
cerebral artery and the hemispheric collaterals of the cerebellar arteries 
can be involved in lenticulostriate nucleus and in dentate nucleus arteri- 
ovenous lesions, respectively (Fig. 9. 16). MRI and angiography will be able 
to distinguish these deep-seated lesions from cortical-subcortical lesions, 
particularly since the dominant supply of the intracerebrally located deep 
lesions arises from the perforators. 

Choroid Plexus Arteriovenous Lesions 

Choroid plexus AVMs are difficult but important to recognize due to their 
extracerebral nature and their surgical and endovascular accessibility. 
They are fed primarily by choroidal arteries and subependymal arterial 
feeders arising from the circle of Willis. They include arteries arising from 
the basilar tip that course through the walls of the third ventricle to reach 
its roof and the adjacent choroid fissure (Fig. 9.17, p. 632). Cortical arteri- 
al supply is excluded in this type of lesion. Drainage is via ventricular 




Fig.9.14A,B. Ventral thalamic and hypothalamic arteriovenous malformation (AVM). 
A Lateral and B frontal projections of the right internal carotid artery. The AVM is 
draining into the basal vein on the right side, and on the left side via the anterior 
communicating vein ( arrowhead ). Note the tentorial sinus on the left side ( double 
arrowhead). Also see Fig. 9.10 
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Fig. 9.15A-D. Lenticular nucle- 
us arteriovenous malformation 
(AVM). A Lateral and B frontal 
views of the right internal 
carotid artery in early phase. 

C Lateral and D frontal projec- 
tions in venous phase. Lenticu- 
lar nucleus AVM ( asterisk , C) 
fed by lenticulostriate arteries 
and insular perforators. The le- 
sion is seated on the interstriate 
draining system. It drains into 
the superior striate ( arrow- 
head ) and atrial veins, inferior 
striate vein ( double arrow- 
head), and into the deep middle 
cerebral vein and cavernous si- 
nus inferiorly. Note the venous 
ectasias at the subependymal 
junction and the persistence of 
falcine (arrow) and occipital 
( double arrows) sinuses 
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Fig. 9.16A, B. Deep-seated arteriovenous malformation (AVM). A Lateral and B 
frontal views of the right internal carotid artery injection. Deep-seated AVM (arrow) 
supplied by lenticulostriate arteries ( open arrow) and draining exclusively into thal- 
amostriate and internal cerebral veins ( arrowhead ) 



veins, with occasional recruitment of transcerebral veins. Similarly, these 
extra-axial lesions can be distinguished from intra-axially located AVMs 
using angiographic criteria (Fig. 9.18). 



9.3. 1.4 Angioarchitecture of Brain Arteriovenous Malformations 

Analysis of the angioarchitecture (Table 9.9, p. 633) of BAVMs should in- 
clude the study of the various components of the lesion (arteries, nidus, 
and veins) as well as how these components affect the rest of the circula- 
tion. It should be able to separate the primary abnormality (AVM) from 
the host response to the presence of chronic shunting (arterial stenosis or 
aneurysms, venous stenosis and ectasias). The differentiation between the 
original disposition, the primary defect, and the acquired features will 
demonstrate the additional vascular arrangements of the lesion and the 
remaining vascular system (host) in response to the chronic shunting. 
Some of the vascular patterns are due to associated anatomical variations 
that provoke a predictable change while others are acquired and related 
either to the high-flow character of the lesion (kinking, plications, arteri- 
al aneurysms, etc.) or to the development of secondary obstacles (steno- 
sis, venous ectasias) (Fig. 9.15) or both (Fig. 9.22). The high-flow hemody- 
namics or decreased tissue perfusion associated with AVM shunting can 
stimulate nonsprouting angiogenesis (Folkman 1986) and development 
of collateral supply, which may be reversible after elimination or signifi- 
cant partial treatment of the shunt. Temporary or permanent changes 
may occur following hemorrhagic or ischemic sequelae associated with 
the AVM (Figs. 9.42, 9.50, 9.52). Thrombosis of a draining vein, develop- 
ment of transdural supply, or intralesional ectasias may occur (Fig. 9.47). 
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Fig. 9.17A-E. Third ventricle 
choroid plexus arteriovenous 
malformation (AVM). A Frontal 
and B lateral views of the right 
internal carotid artery. 

C Frontal and D lateral projec- 
tions of the left internal carotid 
artery. E Vertebral artery in- 
jection in lateral view. Third 
ventricle choroid plexus AVM 
( asterisks , D) draining into the 
choroidal vein and vein of 
Galen. All choroidal arteries 
participate in the supply to this 
lesion, including subependymal 
perforators arising from the 
circle of Willis, anterior com- 
municating hypothalamic 
perforators (arrow, A), and 
the anterior choroidal artery 
( arrowheads , B, D) 
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Fig. 9.18A-C. Transmesen- 
cephalic supply in a tectal 
arteriovenous malformation 
(AVM). A Axial MRI study 
demonstrates the transmesen- 
cephalic supply ( arrowhead ) 
to a tectal AVM. B Frontal and 
C lateral views of the left verte- 
bral artery injection in a differ- 
ent patient, demonstrating a 
thalamoperforating artery sup- 
plying a thalamic AVM and 
projecting above the mesen- 
cephalic region ( double arrow- 
head) 




Table 9.9. Cerebral arteriovenous malformations: elements of angioarchitecture 



Arteries 

Direct feeder 

Variations 

Indirect feeder 

Leptomeningeal anastomoses 

Stenotic segments 

Ectatic segments 

Focal (aneurysms) 

Dysplastic (remote) 
Pseudoaneurysm 
Generalized 
Dural supply 
Flow-related 



Nidus veins 
Size 

Arteriovenous shunting, ectasias 
Aneurysm, pseudoaneurysm 
Pseudoaneurysm, stenosis 
Thrombosis 
Flow-related 
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Fig. 9. 19 A, B. Two types of 
arterial supply to an arteriove- 
nous malformation nidus: 

A direct and B en passage 



Knowledge of the potential impact that angiogenic reactions, recanaliza- 
tion of thrombosed channels, and organization of hematomas may have 
on the AVM and the adjacent circulation is necessary for complete assess- 
ment of the lesion (Fig. 9.50). Ignoring these factors may result in misin- 
terpretation of the size of the malformation and its topography. 

Arteries 

Arterial feeders in arteriovenous shunts can be of different types: (a) di- 
rect feeders supply the shunting area as a terminal branch; (b) indirect 
feeders supply the shunting area en passage, i.e., they predominantly sup- 
ply normal territories and only secondarily the shunt (Fig. 9.19). Indirect 
feeders may arise from the chronic sump effect of the lesion. As the sump 
effect increases, indirect feeders can become more involved in the AVM 
supply (nonsprouting angiogenesis), reestablishing flow into a direct 
feeder. They will then be responsible for the displacement of watershed 
areas. Both direct and indirect feeders may develop stenotic segments, 
which further increases collateral circulation around the AVM. Indirect 
feeders may also become more prominent following ligation or proximal 
embolization of direct feeders if the nidus is not completely eliminated. 

The various phenomena that increase rheological demands are funda- 
mentally angioectatic. However, the same phenomena can become angio- 
genic as soon as they produce ischemia. Stenosis of AVM feeders will fur- 
ther decrease tissue perfusion and produce or aggravate existing hypoxia 
in the surrounding parenchyma and may stimulate further angiogenesis. 

Angioectatic and angiogenic responses may develop to such an extent 
that they can mimic the presence or the development of an additional 
AVM or the apparent enlargement of the primary lesion. Differentiation 
of these conditions may be difficult. Angiogenesis (nonsprouting) is ob- 
served in ischemic regions at pathology and is also a normal feature of an 
organizing thrombus (sprouting) (Fig. 9.45). Yasargil (1987) observed 
such perilesional angiogenesis. Dobbelaere et al. (1979) and Laine et al. 
(1981) noted that both evolving and recurrent AVMs often present with 
the same architectural aspect, “a dense capillary bed with no special ve- 
nous character.” Although the changes seem related to neovasculariza- 
tion, there is no in vitro growth of specimens derived from these lesions. 

Arterial Enlargement. Arterial enlargement is a purely hemodynamic 
phenomenon that stimulates natural (anatomically preexisting) channels 
to supply both the lesion itself and adjacent territories (Figs. 9.20-9.23). 
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▲ 

Fig. 9.20A-C. Watershed trans- 
fer in brain arteriovenous mal- 
formations (BAVMs). The three 
stages in the transfer of the 
watershed (dashed line) in 
cerebral BAVMs. A Congenital 
transfer of the watershed, as 
demonstrated by the harmo- 
nious decrease in the caliber 
of the cortical arteries (see 
Fig. 9.21). B Secondary transfer 
of the watershed demonstrated 
by the decrease and increase 
in cortical artery caliber (see 
Fig. 9.22). C Secondary transfer 
of the watershed zone with 
postischemic nonsprouting an- 
giogenesis (see Fig. 9.23) at the 
watershed level 



► 

Fig. 9.21. Right internal carotid 
artery injection in frontal view. 
High-flow left frontal arteriove- 
nous malformation demon- 
strating congenital transfer of 
the watershed area of the an- 
terior-middle cerebral artery 
territories ( dashed line) 
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Fig. 9.22. A Right and B left 
internal carotid injection in 
frontal views in a patient pre- 
senting with a high-flow frontal 
arteriovenous malformation 
(AVM). Note the secondary 
transfer ( arrows ) of the water- 
shed area between the anterior- 
middle cerebral artery territo- 
ries ( dashed line). Also note the 
middle cerebral arterial steno- 
sis ( arrowhead ) proximal to the 
lesion (B) secondary to the 
high-flow angiopathy, therefore 
testifying to the secondary 
transfer of the watershed junc- 
tion distal to the AVM 



Within the CNS, such enlargement corresponds to recruitment of lep- 
tomeningeal and subependymal anastomoses. Depending on the period 
when the shunt forms and on the hemodynamic demands of the lesion 
on the circulation, interference with the usual development of the arte- 
rial supply to the normal brain can occur. Such changes may result in the 
persistence of embryonic vascular arrangements, as seen in vein of Galen 
aneurysmal malformations. 
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Fig. 9.23. Frontal internal 
carotid angiogram (A). Sulcal 
arteriovenous malformation 
with secondary transfer of 
the anterior-middle cerebral 
watershed area, representing 
leptomeningeal nonsprout- 
ing angiogenesis (arrow). 

B-E Coronal MRI confirms the 
absence of a true malformed 
nidus in that region. Note the 
absence of venous drainage at 
the level of the secondary an- 
giogenesis 
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Table 9.10. High-flow angiopathy in the rabbit (from Pile-Spellman et al. 1986) 



Luminal protrusion of the endothelial cells with desquamation 
Smooth-muscle vacuolization 
Mesenchymal cell proliferation 

Corrugation and destruction of the internal elastic lamina 
Capillary proliferation in the adventitia 
Fenestrated and leaky endothelial junctions 



Capillary proliferation is part of the constellation of findings constitut- 
ing the high-flow angiopathy (Pile-Spellman et al. 1986) (Table 9.10). 
Some of these features of induced angiogenesis can regress following oc- 
clusion of the dominant shunt. However, this outcome is not predictable 
and failure to completely occlude a dominant shunt will often transform 
such accessory supply into a more prominent one. 

Stenotic Changes. Stenosis of feeders to vascular malformations is also 
seen as part of the high-flow angiopathy disorder (Table 9.10). Intralu- 
minal protrusion of the endothelial cells and mesenchymal cell prolifer- 
ation may result in intraluminal stenosis (Fig. 9.29). 

A so-called moyamoya phenomenon is infrequently associated with 
BAVMs (Mawad et al. 1984; Kayama et al. 1986; Montanera et al. 1990). 
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◄ Fig. 9.24A, B. Moyamoya type 
of supply to a brain arteriove- 
nous malformation (BAVM). 

A Left internal carotid and B 
internal maxillary injections in 
lateral view. Moyamoya-type 
supply to a frontal AVM, inter- 
preted as the final evolution of 
the high-flow angiopathy. Note 
the transdural supply into what 
was considered to be normal 
cortical territories (B) 




Fig. 9.25. A Right internal carotid and B vertebral artery injections in lateral view. In 
a medial frontal arteriovenous malformation (AVM), note the early nonsprouting 
angiogenesis ( arrowheads , B) around what appears to be remaining AVM, following 
attempted surgical removal of the lesion. These changes illustrate the early stages of 
the vascular response to the persistent shunt and to the previous ligations at surgery 
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Fig. 9.26. A Right internal 
carotid and B left vertebral ar- 
tery injections in lateral view of 
a corticocallosal arteriovenous 
malformation. The high-flow 
angiopathy has modified the 
aspect of the lesion, with multi- 
ple arterial stenoses and ec- 
tasias ( arrowheads ). The non- 
sprouting angiogenesis makes 
the limits of the nidus difficult 
to recognize. This stage is con- 
sidered as a pre-moyamoya 
situation 



Suzuki reports a 3% incidence while Yasargil (1987) noted only a 0.3% in- 
cidence in his experience (Fig. 9.24, p. 638). Mawad et al. (1984) andMon- 
tanera et al. (1990) hypothesized that high flow through the feeding ves- 
sels to the AVM led to intimal proliferation, stenosis, and eventually oc- 
clusion of these vessels as an individual host response to the presence of 
the AVM. The ischemic brain as well as the low resistance of the AVM 
nidus distal to the arterial stenosis or occlusion stimulate vascular chan- 
nels (nonsprouting angiogenesis) (Fig. 9.25, p. 638). This process does not 
appear to be reversible. It is not known whether this phenomenon has a 
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Fig. 9.27. Early (A) and late phase (B) of the right internal carotid injection in lateral 
view. Sagittal MRI study (C). Deep frontal arteriovenous malformation fed by stenot- 
ic frontal branches from the ipsilateral middle cerebral artery (arrow). Note the pres- 
ence of a large, deep-seated, venous ectasia ( arrowheads , B), which, in conjunction 
with the remaining nidus and congested medullary vein, is producing a mass effect 
on the stenosed arterial feeder. Note the apparent strangulation of the feeder 
around the vein ( double arrow) and the mass effect on the sphenoid ridge ( single 
arrowhead, A). The changes associated with the high-flow angiopathy can also ex- 
plain this stenotic aspect. D The mechanism of arterial stenosis produced by venous 
dilatation 
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protective effect with respect to future hemorrhage from the AVM or a 
worsening effect related to the fragility of the moyamoya vascular net- 
work, similar to that observed in moyamoya disease (Suzuki 1986). 

The extreme of this process leads to upstream arterial narrowing, ex- 
tensive leptomeningeal and transdural collateral flow to an area of arteri- 
ovenous shunting that hardly resembles a typical BAVM. The authors in 
fact question whether this process, called proliferative angiopathy, is a 
variation in the spectrum of BAVMs or indeed is a condition which mim- 
ics such lesions and should be considered a false AVM (Fig. 9.26). Recog- 
nizing proliferative angiopathy is important as management will differ 
from that of a characteristic type of BAVM. 

Rarely, arterial stenosis is extrinsic (bony or dural compression, venous 
compression, etc.) and such stenosis can be reversible if the external me- 
chanical constraint is relieved. Extrinsic narrowing is usually encountered 
in high-flow lesions with mass effect (Fig. 9.27). 

Other caliber irregularities can be seen following embolization (Fig. 9.28), 
surgical excision of the AVM, or during the progression of a stenotic process. 
The apparent increased diameter of the opacified lumen, however, actually 
remains within the size of the direct feeder in its original state. 

Vasospasm. Vasospasm is very rare after hemorrhage from a BAVM. 
Parkinson and Bachers (1980), for example, reported only a 1% incidence 
of vasospasm following hemorrhage from BAVMs. This is reasonable, as 
it is believed that all CNS AVMs are located subpially. This is the com- 
partment into which hemorrhage will most likely occur, and subpial hem- 
orrhage would not be expected to produce the same effect as aneurysm 
rupture into the subarachnoid space. When present, vasospasm should 
therefore raise the suspicion of an associated ruptured aneurysm as the 
symptomatic cause of the hemorrhage (Fig. 10.8). 

Dural Supply. Dural supply to cerebral arteriovenous shunts also attests 
to the hemodynamic and angiogenic effects of the BAVM. Two types of 
dural supply can be described: (a) direct supply to the BAVM through 
dural leptomeningeal anastomosis (Newton and Cronqvist 1969) (Fig. 9.29) 
and (b) indirect supply via anastomosis to normal cortical feeding arter- 
ies on the way to the BAVM (Russell and Berenstein 1981). Dural supply 
was noted in 27% of Newton’s (1969) series and in 32% of the Bicetre 
series (Willinsky et al. 1988b). 

Both types of dural blood vessel involvement can be induced by sur- 
gery, when adhesions occur between dural layers. Meningeal supply has 
also been noted to develop following partial embolization, probably the 
response to ischemia that induced (nonsprouting) angiogenesis. Sub- 
arachnoid hemorrhage is an additional factor that may induce dural sup- 
ply. In Faria and Fleischer’s (1980) series, six of the seven patients who 
presented with dural supply had bled. Although no definite correlation 
has been established between dural supply to a lesion and the clinical 
history of hemorrhage, one should keep in mind that at surgery there is 
frequently evidence of previous subclinical bleeding. In our experience, 
there appears to be a positive correlation between headaches and the 
presence of dural supply to a BAVM. 
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Fig. 9.28. A Left vertebral artery injection in lateral view, prior to embolization and 
after partial treatment (B) in a patient who presented with a cerebellar and vermian 
arteriovenous malformation. Three months after the first session of embolization of 
the posterior inferior cerebellar artery, note the caliber changes in the proximal as- 
pect of the vessel mimicking an aneurysm (arrow). C After additional embolization 
of the anterosuperior cerebellar artery contribution to the lesion, note similar 
changes onto the artery embolized. The remaining nidus was removed surgically. 
D The progressive and irregular changes in vessel caliber that may occur proximal to 
the occlusion. The regression of the increased caliber may occur with or without 
associated acrylic deposition and proximal intraluminal clot resorption. Additional 
regression will bring the feeding artery into an almost normal aspect, as demon- 
strated on the last vertebral control angiogram (C). These irregularities do not carry 
any risk of rupture, despite their pseudoaneurysmal aspect 
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Fig. 9.29. A Right internal 
carotid artery in mid-arterial 
phase and B ipsilateral middle 
meningeal artery injections in 
lateral projection. Temporal 
pole arteriovenous malforma- 
tion in which the transdural 
supply opacifies the entire 
nidus and all the draining 
venous system 



In rare instances, dural supply can be seen in the presence of a separate 
dural sinus arteriovenous shunt in the area of the BAVM (Fig. 9.30). The 
etiological relationship between these two conditions is most of the time 
not easy to establish, but in some cases we have seen high-flow dural AVFs 
that apparently were able to induce pial arteriovenous shunting. Acquired 
BAVFs can be reversed following successful treatment of the dural AVF. 

Arterial Variations. Arterial variations seem to be more frequent in 
patients with BAVM (24%, Willinsky 1988) than in patients evaluated for 
occlusive disease or in autopsy series. They are known to be associated 
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Fig. 9.30. A Left internal 
carotid and B internal maxil- 
lary artery injections in lateral 
view. Large temporal arteriove- 
nous malformation. Note the 
transdural supply to the lesion 
(arrow) and the associated 
arteriovenous shunt separate 
from the pial nidus ( double 
arrow). C Late venous phase of 
the internal carotid angiogram 
confirms the absence of a con- 
nection between the dural and 
the pial nidi 
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with arterial aneurysms, but the prevalence in these circumstances has 
not been systematically analyzed. Their presence is often underestimat- 
ed because most investigators do not recognize them as such. Variations 
at the level of the larger vessels (carotid, vertebral), with persistence of 
embryonic dispositions (trigeminal, hypoglossal, etc.), seem only mod- 
erately increased in BAVM patients as compared to their slightly in- 
creased incidence in patients with aneurysms. Conversely, variations of 
the posterior and anterior portions of the circle of Willis are not infre- 
quent in the BAVM group. These variations are noted mainly when the 
area of shunting is located at the watershed zone. When the lesion devel- 
ops within the dominant area of supply, only the distal branching pat- 
tern of anastomotic arteries shows anatomical variations. Many of these 
variations remain remote from the area of actual arteriovenous shunting 
and probably are incidental occurrences. Only VGAM (vein of Galen 
malformation) seems to be frequently associated with a primitive dis- 
position, such as the limbic arterial ring (Vols. 1 and 3), as if the early 
presence of the shunt prevented normal maturation of the vasculature in 
the region. Correction of the shunt allows this maturation to occur sec- 
ondarily with disappearance of the primitive disposition (Vol. 3). It is 
therefore important to know the arterial territories of these variants, in 
order to predict potential risks of endovascular treatment. These are in 
the distribution of the artery of the corpus callosum, accessory middle 
cerebral artery, duplicated posterior communicating artery, etc. In addi- 
tion, these anatomical arrangements may represent locations that favor 
the development of flow-related aneurysms. 

Arterial Aneurysms. The reported association between arterial aneurysms 
(AAs) and cerebral AVMs varies from 2.7% (Paterson and McKissock 
1956) to 16.7% (Miyasaka et al. 1982). The difficulties in understanding 
the link between BAVM and arterial aneurysm are due in part to the 
underestimation of their association. In the series reported by Graf et al. 
(1983) and Perret and Nishioka (1966), only 6%-7% of patients present- 
ed with aneurysms. These numbers are low compared to reports of series 
benefiting from complete, high-quality, diagnostic, and superselective 
angiography (Lasjaunias 1988a; Turjman et al. 1994; Redekop et al. 1998; 
Meisel et al. 2000). In the Toronto and the Bicetre series, the incidence of 
associated aneurysms with BAVMs was 15% and 46%, respectively, and 
the number of associated aneurysms increased with the size of the AVM. 

The presence of arterial aneurysms has been thought to constitute a 
marker for increased risk for future hemorrhage that needs to be taken 
into consideration in the management strategy. Brown et al. (1990) 
demonstrated a twofold (7% vs. 3.5%) increased risk for future hemor- 
rhage in patients with BAVM and aneurysms who had not previously 
bled. There are three types of arterial aneurysms associated with BAVMs: 
(a) flow-related aneurysms, (b) intranidal aneurysms, and (c) dysplastic 
or remote aneurysms (Fig. 9.31) 

Flow-Related Aneurysms. Flow-related aneurysms develop on the pedi- 
cle supplying the BAVM. Two types can be recognized: those that are 
upstream and some distance away from the AVM nidus (proximal arte- 
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Fig. 9.31. Schematic drawing of flow-related aneurysm (A), intralesional arterial 
ectasias (B), intralesional direct arteriovenous fistulae (C) and dysplastic (remote) 
aneurysm (D) in brain arteriovenous malformations 



Fig. 9.32. Vertebral artery in- 
jection in frontal view demon- 
strates PI (arrow) and posteri- 
or communicating ( double 
arrows ) flow-related aneurysms 
in a frontoparietal arteriove- 
nous malformation 
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Fig. 9.33. A Left vertebral ar- 
tery injection in frontal view 
before and B during emboliza- 
tion; C final control after em- 
bolization. Note the different 
changes observed in the flow- 
related aneurysm of PI (arrow) 
and at the level of the lepto- 
meningeal anastomoses ( dou- 
ble arrow) as the embolization 
progresses 



rial aneurysms) (Fig. 9.32) and others that are located farther down- 
stream on the feeding pedicle closer to the nidus (distal arterial 
or prenidal aneurysms) (Fig. 9.33-9.35). It is believed that 37%-82% of 
arterial aneurysms are flow related (Batjer et al. 1986; Lasjaunias et 
al. 1988a; Meisel et al. 2000). This includes ectasias and infundibula 
greater 3 mm in size (Hayashi et al. 1981; Miyasaka et al. 1982; Batjer et 
al. 1986). 
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Fig. 9.34. Left internal carotid 
injection before (A) and after 
(B) partial embolization with 
glue. Note the preexisting direct 
( arrowhead ) and indirect ( dou- 
ble arrowhead) supply, and the 
proximal, flow- related, arterial 
aneurysm (arrow). Following 
embolization, the nidus is par- 
tially excluded. The en passage 
supply is well demonstrated. 
Further embolization will later 
exclude the lesion entirely. The 
aneurysm will not be treated 
and will disappear completely 




In the literature, the relationship between the development of arterial 
aneurysm and the flow of the AVM is mentioned in such diverse ways that 
a clear-cut approach to the problem cannot be found. However, Okamoto 
et al. (1984) and Hayashi et al. (1981) demonstrated that patterns of 
aneurysm distribution in patients with BAVMs were significantly differ- 
ent than in patients without BAVMs. Hayashi’s review of 1 12 aneurysms in 
74 patients with BAVMs showed a high incidence of aneurysms in areas 
where aneurysms usually do not occur, i.e., peripheral, lenticulostriate, 
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Fig. 9.35A, B. Right internal carotid angiogram in lateral view (A) demonstrates 
aneurysm ( arrowhead ) on feeding pedicle toward frontal lobe arteriovenous malfor- 
mation (AVM, curved arrow). Two months following arterial embolization of the 
AVM with glue, the right internal carotid angiogram in lateral view (B) demonstrat- 
ed complete regression of the aneurysm (arrow) 



anterior choroidal, etc. In AVM patients, the great majority of aneurysms 
were noted on the feeding arteries of the AVMs, irrespective of the circu- 
lation. This finding was confirmed in our analysis (Lasjaunias et al. 1988a; 
Meisel et al. 2000). It is therefore apparent that the presence of a BAVM 
predisposes one to the formation of aneurysms on the feeding vessels. The 
exact pathogenesis of the BAVM and the aneurysm are, however, probably 
not related to the same developmental abnormality. 

The link between BAVM-associated aneurysms and increased flow to 
the malformation has long been suspected (Anderson and Blackwood 
1959). Arterial aneurysms have been observed to develop on the internal 
carotid artery years after a surgical occlusion of the contralateral internal 
carotid artery (Somach and Shenkin 1966). They also developed on the 
superficial temporal artery after a surgical anastomosis of this vessel to a 
sylvian branch (Lantos et al. 1984). Experimentally, in high-flow angiopa- 
thy (Pile-Spellman et al. 1986), vessel changes proximal to the shunt in- 
volving the internal elastic lamina have been demonstrated (Table 9.10). 
These changes may predispose one to the development of an arterial 
aneurysm. Further progression these induced changes could lead to spe- 
cific clinical manifestations and complications (ischemic symptoms or 
rupture of an aneurysm). Therefore, when present, an arterial aneurysm 
worsens the prognosis of the AVM. 

While the risk for future hemorrhage was shown to be increased in pa- 
tients with BAVM and AA (Brown et al. 1988), several important questions 
remain. Does this risk vary according to the location of the AA in rela- 
tionship to the AVM nidus and should one anticipate the AA as respon- 
sible for the future hemorrhage or is the presence of an AA merely a 
marker of a more fragile vascular tree (including the AVM) (Figs. 9.36, 
9.37). Redekop et al. (1998) demonstrated a clear difference in the hemor- 
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Fig. 9.36. Patient presented in poor clinical grade and showed on CT (A) evidence of 
intraventricular and parenchymal hemorrhage adjacent to the 4th ventricle. Repeat 
CT (B) 5 days later showed additional hemorrhage, which on angiography at presen- 
tation (not shown) was demonstrated to be caused by an aneurysm on the feeding 
pedicle (PICA) toward a vermian arteriovenous malformation (AVM). Repeat verte- 
bral angiogram in lateral view (C) after second hemorrhage demonstrated enlarge- 
ment of the proximal (pseudo-) aneurysm (arrow). Treatment was carried out toward 
the symptomatic aneurysm and the feeding pedicle, which were embolized with 
glue (arrow) and shown to be obliterated on the immediate as well as the 2-month 
postembolization vertebral angiogram in lateral view (D) prior to surgical resection 
of the residual AVM nidus 
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Fig. 9.37. CT at initial presen- 
tation (A) and 3 months later 
(B) shows repeated bleeding 
(IVH, intraventricular and 
intracerebral hemorrhage), 
which was demonstrated on left 
internal carotid angiogram in 
lateral view (C) and selective 
angiogram (D) to be caused by 
small size deep-seated frontal 
lobe arteriovenous malfor- 
mation ( long arrows) associat- 
ed with prenidal aneurysms 
( arrowheads ) 




rhagic rate at presentation between BAVMs with flow-related aneurysms 
and those with intranidal aneurysms (40% vs. 72%). Remote or dysplastic 
AAs, although capable of bleeding, do not appear to significantly increase 
the overall risk for future hemorrhage in patients with BAVM. On the 
other hand, the presence of intranidal AAs does significantly increase the 
risk of future hemorrhage in our experience (Meisel et al. 2000). This has, 
of course, significant management implications. In the acute situation, in 
order to target the treatment, a decision needs to be made to identify the 
symptomatic lesion (Fig. 9.36), which can be difficult and prone to error 
(Deruty et al. 1990). In our experience, the farther the AA is located from 
the nidus, the less likely it is the cause of the hemorrhage and the more 
likely the hemorrhage was caused by the AVM, even when the hemorrhage 
is mostly subarachnoid in location. 

If we accept that the aneurysm is induced by the AVM then one should 
anticipate that removal of this trigger (AVM obliteration) might result 
in aneurysm regression (Figs. 9.33, Fig. 9.35). Contrary to the treatment 
strategy reported in the literature (Batjer et al. 1986; Thompson et al. 
1998), it has been our practice when electively managing patients with 
BAVM and associated AAs to start with the treatment of the AVM. The 
feeding pedicle is embolized toward the nidus that contains the upstream 
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AA first. Numerous embolizations of this sort have never led to AA rup- 
ture, even though the feeding pedicle arterial pressure was affected by the 
downstream embolization (Kondziolka et al. 1988; Redekop et al. 1998; 
Meisel et al. 2000). It was also noted that 80% of the distally located AAs 
regressed subsequent to complete obliteration of the AVM by emboliza- 
tion, while 67% of the distally located AA regressed after 50% or more of 
the AVM had been obliterated (Redekop et al. 1998). Eight percent of prox- 
imal AAs regressed and occluded when embolization of the AVM resulted 
in 100% obliteration (Meisel et al. 2000). It therefore appears that the 
farther the AA is located from the AVM nidus, the less likely it will regress 
following AVM treatment, as it is probably an independent arterial wall 
abnormality. 

The authors treat proximal feeding pedicle AA and remote dysplastic 
AAs only when they can be definitively identified as the source of bleed- 
ing in the acute situation (Fig. 9.36) or if they have failed to regress after 
treatment of the AVM in the elective situation. 

Dysplastic Aneurysms. Dysplastic aneurysms develop on an arterial 
branch independent from the AVM (Batjer et al. 1986; Perret and Nishi- 
oka 1966) and are therefore not considered to be flow related. 

In most reported series (Batjer et al. 1986; Miyasaka et al. 1982), there is 
no overall sex predominance in aneurysms associated with BAVMs. In our 
series of BAVMs, dysplastic aneurysms had a female predominance of 5:1 
and are discovered in patients who are 1 1-55 years of age. Flow-related ar- 
terial aneurysms showed a male predominance of 2:1 and are more likely 
to occur in older patients (Hayashi et al. 1981; Lasjaunias et al. 1988). The 
association of BAVM and arterial aneurysm in our series showed a dis- 
tinct increase with age: 8% of the patients with AVMs had associated ar- 
terial aneurysms prior to age 25; 24% of patients were between 25 and 
49 years of age, while 37% of patients were older than 50. The fourfold in- 
crease in the frequency of BAVM and associated arterial aneurysm in pa- 
tients in the sixth versus those in the first decade of life reinforces the roles 
played by long-standing high flow and the aging of the vascular system. 

In our patients with BAVM and associated aneurysm, multiplicity of 
the AA was noted in 67% (Meisel et al. 2000) (Figs. 9.32, 9.33). In these pa- 
tients, there was no personal or family history of vascular disease. Inter- 
estingly, in patients with multiple BAVMs (9% of our series of adults with 
BAVMs), multiple aneurysms were not demonstrated. 

With regard to topography, arterial aneurysms were found predomi- 
nantly in association with corticoventricular AVMs (66%), followed by 
cortical AVMs (30%). In deep-seated lesions, the association with an arte- 
rial aneurysm was rare (4%). On the other hand, the association of hem- 
orrhage in deep-seated AVMs with a distal aneurysm is very high, and 
these aneurysms are frequently distal pseudoaneurysms (Figs. 9.36, 9.37). 
A review of our cases showed a similar percentage of BAVM plus 
aneurysm in patients with cerebellar AVMs compared to those with 
supratentorial AVMs (Garcia-Monaco 1990). 
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Nidus Angioarchitecture 

The nidus arrangement of BAVMs can be approached in different ways. A 
single-hole fistula is the simplest type of arteriovenous shunting. 

Dobbelaere (1979) suggested that the transition of a nidus AVM to a 
nidus AVF is a common occurrence, “the passage from one [AVM] to the 
other [AVF] is certain.” He proposed that all arteriovenous shunts change 
from one type to the other with “evolution or involution.” These findings 
contradict our observations, since the lesions that we have followed have 
not gone through such a predetermined evolution or involution. In the 
past, the nidus of an AVM has been classified, primarily for surgical inter- 
ventions, either by topography, size, or intrinsic morphological or hemo- 
dynamic patterns. A description of compartments, as disclosed angio- 
graphically, has also been used for classification. AVMs in which a specific 
and separate venous drainage is seen after each feeder is injected are 
considered AVMs with multiple compartments. These lesions, in which a 
single or the same venous outlet is opacified after every feeder is injected, 
are considered AVMs with a single or converging compartment ( Yasargil 
1987) (Table 9.11). Most of the multiple compartment lesions are 
arranged on a radius (cortical and paraventricular nidi in corticoventric- 
ular lesions) or a meridian (cerebellar AVMs). Yasargil (1987) made sev- 
eral additional observations on the arrangement of these lesions, empha- 
sizing their compact or diffuse appearance (Table 9.11). 

We have observed similar patterns in which diffuse lesions show less 
dominant but more numerous feeders. In many cases, these numerous feed- 
ers may indicate the host response to the development of arterial stenotic 
segments (pre-moyamoya phenomena) and angiogenic stimulation. The 
veins draining such diffuse AVMs are surprisingly almost normal in cal- 
iber; the transit time in the shunt is often moderate. They are mostly corti- 
cal-subcortical lesions and can be seen both supra- and infratentorially. 



Table 9.11. Nidus (epicenter) (from Yasargil 1987, with permission) 



Compact 

Single 

Without fistula 

With arteriovenous fistulae 

Only arteriovenous fistulae 

Multifocal (multicentric or polycentric) compact (subdivided into same types 
as above) 

Unilateral 

Bilateral 

Supra- and infratentorial 
Orbital and cerebral 
Cutaneous, dural and cerebral 

Diffuse (no visible nidus, scattered pathological arteries and veins without 
recognizable connections angiographically or at operation) 

Small areas 
Large areas 
Entire hemispheres 
Both hemispheres 
Supra-and infratentorial 
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Table 9.12. Type and size of arteriovenous malformations 



Cryptic 

Not seen at angiography, not found at surgery, and not demonstrated patholo- 
gically 
Occult 

Not seen at angiography, not found at surgery, may be recognized by histological 
examination 
Micro (<1 cm) 

Small (<2.5 cm) 

Moderate (2.5-5 cm) 

Large (>5 cm) 



Most AVMs are composed of several types of arteriovenous communi- 
cations, including both nidi and fistulae. However, both compact and dif- 
fuse types as part of the nidus of a genuine AVM do not occur. A diffuse 
appearance may indicate secondarily acquired perilesional angiogenesis, 
at least in some of the diffuse types of lesions reported by Yasargil. The 
significance of the size of the nidi lies primarily in their surgical or radio- 
surgical accessibility (Table 9.12). Most authors have grouped BAVMs ac- 
cording to the size of the nidus and considered small BAVMs as those less 
than 3 cm. Small BAVMs had a tenfold increased likelihood to present 
with hemorrhage as compared to larger AVMs (Crawford et al. 1986; Graf 
et al. 1983; Parkinson and Bachers 1980; Shi and Chen 1986; Spetzler and 
Martin 1986; Waltimo 1973). In contrast, patients with smaller lesions 
rarely present with seizures, neurological deficits, or headaches (Hashima 
et al. 1985). The Toronto experience showed a slightly increased risk for 
future hemorrhage in the larger size AVMs in deep locations, irrespective 
of their mode of presentation. 

Microarteriovenous Malformations. Micro-AVMs and micro-AVFs con- 
sist of a small nidus (<1 cm) or a fistula fed by a normal-sized artery and 
draining into a normal-sized vein (Figs. 9.1, 9.3, 9.7). 

Micro-AVMs cover 7% of all AVMs and 21% of the AVMs that were 
diagnosed following hemorrhagic presentation ( Willinsky et al. 1988a). In 
the series of Papatheodorou et al. (1961) as well as ours (Willinsky et al. 
1988a), 53% of patients had no history of symptoms prior to the discov- 
ery of their lesions; the ages ranged from 8 to 52 years, without sex pre- 
dominance. All patients presented with intracerebral hematoma, with 
minimal or no subarachnoid blood. Conventional magnification angio- 
graphy with subtraction demonstrated the micro- AVM in 85% of patients; 
however, in 1 8% of these, the AVM could be seen only after resolution of the 
hematoma, during a second angiographic study 3 months later (Fig. 9.65). 
In the remaining 15% of patients, the lesions were angiographically occult 
but were seen at surgery during removal of the hematoma. All the lesions 
were superficial: 77% were cortical supratentorial, 15% were infratentori- 
al, and 3% were at the base of the brain. No dural supply or associated 
arterial aneurysms were demonstrated. Some 82% of patients were oper- 
ated on (13% of patients refused surgery), and the remaining 5% were re- 
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ferred for radiation therapy. All of the lesions in patients who were oper- 
ated on showed the usual aspects of cerebral AVMs at pathology. At both 
angiography and surgery, the intracerebral hematoma helped to localize 
the lesion, as the micro-AVM could be seen at the edge of the hematoma. 
There were no postoperative complications. Follow-up angiograms 
showed that the lesion had disappeared, and no recurrences were noted. 
Interestingly, none of the nonoperated patients rebled at follow-up 
1-5 years later, although 7% had apparently bled in the same site within 
10 years prior to diagnosis and surgery. The incidence of rebleeding from 
a micro-AVM, i.e., the natural history, is not well known since most lesions 
are surgically removed at the time of presentation. Micro- AVMs have been 
suspected to be the cause of many intracerebral hematomas in young 
healthy individuals in whom no obvious lesion is found (Krayenbuhl and 
Siebenmann 1965; Margolis et al. 1961; Tanaka et al. 1986). 

To explain how venous outflow obstacles of an arteriovenous shunt can 
be considered as one significant cause of rupture, one should recall the 
normal disposition of cortical veins (Duvernoy et al. 1981). Small bridg- 
ing arteries anchor the cortical veins onto the parenchyma and narrow 
them in the depth of the sulci. These potential anatomical restrictions on 
increased venous flow may lead to upstream venous hyperpressure and 
secondary rupture. In fact, when we described a normal-sized draining 
vein, the most proximal venous outlet from the micro-AVM actually cor- 
responds to an enlarged subpial cortical vein, which is usually not visible 
angiographically. Micro-AVMs are frequent (43%) in the HHT (ROW) 
population, and in these patients they are nearly always asymptomatic at 
presentation and on follow-up (Matsubara et al. 2000). This raises ques- 
tions with respect to the need for treatment of micro-AVMs in that par- 
ticular group of patients, as they appear to have a different natural history 
compared to the sporadic micro-AVMs. 

The differential diagnosis of nontraumatic intracerebral hematoma 
should include AVMs, aneurysms, blood dyscrasias or a bleeding diathe- 
sis, amyloid angiopathy, drug abuse, sympathomimetic drugs, or tumors 
(Lipton et al. 1987). Vascular malformations have accounted for 10%-40% 
of lobar hematomas. No identifiable etiology can be seen in up to 41% of 
patients with intracerebral hematomas. In autopsy series, no etiology was 
found in 15%. 

Nidus Size Changes. The literature contains conflicting data as to the 
growth of BAVMs, with some reports of size increase in cerebral malfor- 
mations (Hook and Johanson 1988; Krayenbuhl 1977; Spetzler and Wil- 
son 1975; Stein 1979; Waltimo 1973; Minakawa et al. 1989) and other 
reports of decreases in BAVM size or even complete thrombosis (Eisen- 
mann et al. 1972; Kushner and Alexander 1970; Levine et al. 1973; Omo- 
jola et al. 1985; Sukoff et al. 1972; Pascual-Castroviejo et al. 1977; 
Minakawa et al. 1989; Lee et al. 2002a) (Lig. 9.59). Overall, a review of 63 
vascular malformations with size changes concluded that in 25% there 
was an increase in size. It is of interest that the patients in whom the 
AVMs had enlarged were mostly children at the time of first presentation 
and diagnosis. In contrast, AVMs that decreased in size or thrombosed 
without associated hematoma occurred more often in the older age 
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Fig. 9.38. A Axial CT demon- 
strates an intracerebral 
hematoma. B Left internal 
carotid artery injection at the 
time of the hemorrhagic 
episode failed to demonstrate 
the full nidus and shows the 
mass effect ( arrowheads ) on 
the venous aspect of the lesion. 
C Following resorption of the 
hematoma, the nidus is now 
well demonstrated, as is its 
drainage into transcallosal and 
subependymal veins 





group. Whether the enlargement of an AVM is real or apparent remains 
controversial but angiogenic factors almost certainly play a role in the 
changing appearance of a BAVM over time. 

Apparent changes in nidal size are a well-recognized phenomenon as- 
sociated with hemorrhagic presentation of BAVMs. The hematoma may 
temporarily compress the nidus and be angiographically occult at that 
time but will be revealed on follow-up angiography in 2-3 months 
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Fig. 9.39. A Axial CT in a patient who presented with an intracerebral hemorrhage 
with ventricular extension. B Left vertebral artery injection in lateral projection at 
the time of the bleed demonstrates a thalamic arteriovenous malformation, and its 
venous drainage, compressed by the hematoma ( curved arrow). Note the size of the 
thalamoperforators ( arrowhead ). C Left vertebral angiogram in lateral view. Follow- 
ing ventricular shunting and resorption of the hematoma, there is better opacifica- 
tion of the malformation and its venous drainage. Note the compensatory decreased 
caliber of the thalamoperforator feeders ( arrowhead ) 
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Fig. 9.40. CT scan (A) demon- 
strates hemorrhage shown on 
carotid angiogram in AP view 
(B) to be caused by deep-seated 
arteriovenous malformation 
associated with an intranidal 
aneurysm (arrow), which was 
selectively obliterated with glue 
(arrow, C). The residual nidus 
as shown on postembolization 
carotid angiogram in AP view 
(D) was subsequently treated 
with stereotactic radiosurgery 




(Fig. 9.65). The hemorrhage may also partially compress the nidus at the 
acute stage and make the nidus appear smaller (Fig. 9.38) or have an im- 
pact on the appearance of the prenidal arterial system (Fig. 9.39). 

Intranidal Ectasias. Ectasias or pouches within the AVM nidus can be 
either arterial or venous. The former may belong to the group of distal 
arterial aneurysms adjacent to or within the nidus and may be difficult 
to see on global injections (Figs. 9.39-9.41). They are a small portion of 
the nidus and were proven to be associated with an increased risk for 
future hemorrhage in the Bicetre series (Meisel et al. 2000). Thrombosis 
and regression of intranidal aneurysms is extremely rare (Fig. 9.42). These 
aneurysms maybe difficult to distinguish from pseudoaneurysms, which 
are spaces within the unclotted portion of the hematoma (Fig. 9.43). 





660 9 Cerebral Vascular Malformations 




Fig. 9.41. Left internal carotid 
injection before (A), during (B) 
and after (C) embolization. 
Note the large, intralesional, 
arterial ectasias ( arrowheads , 
A; arrows, B). The ectasias 
were embolized with glue dur- 
ing the same deposition as the 
nidus was and included in the 
same cast ( asterisks , C) 



Fig. 9. 42. Right internal carotid angiogram in AP projection (A) and left internal ► 
carotid angiogram in lateral projection (B) at the time of presentation, with a ve- 
nous hemorrhage from an arteriovenous malformation demonstrated two intranidal 
aneurysms (arrows). Two months later and without specific treatment, follow-up 
right internal carotid angiogram in AP projection (C) and left internal carotid an- 
giogram in lateral projection (D) demonstrated spontaneous thrombosis of the two 
intranidal aneurysms (arrows). MRI at presentation (E) and 2 months later (F) con- 
firmed thrombosis of the aneurysms (arrows) 
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Fig. 9.43. CT scan (A) and 
MRI (B) at presentation shows 
recent hemorrhage with adja- 
cent abnormal vascularity 
(arrow) proven at vertebral an- 
giography in lateral projection 

(C) and on selective injection 

(D) to be related to an arteri- 
ovenous malformation with as- 
sociated intranidal pseudoa- 
neurysm (arrow) 




Up to 8% of AVMs presenting with hemorrhage may reveal evidence of 
pseudoaneurysms (Garcia-Monaco et al. 1993). These aneurysms are usu- 
ally small in size but may enlarge to produce early rerupture. An enlarg- 
ing pseudoaneurysm constitutes one of the few indications for emergency 
endovascular or surgical treatment. Partial embolization targeting the 
enlarging pseudoaneurysm will remove the risk of early rerupture and 
appears to reduce the chance of future hemorrhage if stereotactic radio- 
surgery is chosen to treat the residual nidus, in the event that it could not 
be completely obliterated by embolization or removed surgically. 

Arterial pseudoaneurysms are usually encountered during the acute 
stage of an intracerebral hematoma of arterial origin (Figs. 9.43, 9.44). 
They can be targeted for early endovascular treatment, or if this is not 
technically feasible are an indication for early surgery. Fusion of 3-D dig- 
ital subtraction angiography (DSA) and MRI is helpful to locate these 
aneurysms prior to surgery (Fig. 9.44). The aneurysms are usually small 




Angioarchitecture of Brain Arteriovenous Malformations 663 




Fig. 9.44. CT scan (A) demonstrates IVH (intraventricular hemorrhage) caused by a 
choroidal type arteriovenous malformation associated with pseudoaneurysm (arrow) 
shown on carotid injection AP view (B) and on 3-D digital subtraction angiography 
(DSA, C). Fusion of 3-D DSA and MRI demonstrates the exact location of the pseudo 
aneurysm (arrow) in the coronal plane (D) and axial planes (E, F). E, F see p. 664 
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Fig. 9.44E, F. Legend see p. 663 



in size but may enlarge to produce an early rerupture. In some instances, 
pseudoaneurysms will evolve favorably with thrombosis of the ruptured 
vessel but this can hardly be predicted. 

Intralesional venous ectasias are usually opacified as part of the distal 
nidal vascular network. The appearance can be similar to a venous pseu- 
doaneurysm in which the hematoma cavity is recanalized and incor- 
porated into the venous outlet (Figs. 9.45-9.47). The venous origin of a 
pseudoaneurysm is difficult to prove. As a sequence of events, however, 
most of these intralesional pouches do correlate with a recent history of 
hemorrhage. They appear to be more frequent in deep AVMs and should 
be searched for adjacent to or as part of the hematoma area (Fig. 9.48). 
Their acquired nature exemplifies the angioarchitectural changes that 
BAVMs may undergo over time. 
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Fig. 9.45A-C. Evolution of a 
venous pseudoaneurysm with 
partial incorporation of the re- 
canalized hematoma into the 
venous outlet. See text 





Fig. 9.46. Venous ectasia A proximal to a venous thrombosis and B proximal to ve- 
nous kinking. See text 
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Fig. 9.48. CT scan (A) demonstrates intracerebral and intraventricular hemorrhage 
and IVH shown at carotid angiography AP view (B) to be caused by microarteriove- 
nous malformation (micro-AVM) with pseudovenous aneurysm (arrow). Carotid an- 
giogram lateral view (C) and selective injection of anterior choroidal artery (D) shows 
supply to the micro-AVM and postnidal venous pseudoaneurysm (arrow) 



◄ Fig. 9.47. A Axial noncontrast CT and B left vertebral angiogram in lateral projection 
at the time of a hemorrhagic episode demonstrate a localized vermis arteriovenous 
malformation with a venous pseudoaneurysm (arrowhead, B), corresponding to the 
larger area of hematoma seen in A (arrowhead). C Noncontrast axial CT and D left 
vertebral angiogram at the time of increased symptomatology, with enlargement of 
the intracerebral hematoma. Note the increased size of the pseudoaneurysm (arrow- 
head) within the vermis 
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Veins 

The venous drainage of AVMs can be very difficult to study due to the vast 
number of outlets that can be superimposed. Nevertheless, drainage of a 
shunt should always be analyzed for its own characteristics but also 
assessed in relationship to the regional venous drainage pattern of the 
brain. In general, the developmental nature of the shunt alters the normal 
course of the development of the venous system similar to its impact on 
the arteries. 

Venous Variations. Venous variations were noted in 30% of Yasargil’s 
(1987) patients and in 32% of our patients (Willinsky et al. 1988b). Vari- 
ations may involve cerebral veins, dural sinuses, or both. Careful atten- 
tion is required to recognize these variations (Fig. 9.14), since they may 
be in the venous channel draining either the lesion or normal brain 
parenchyma. Drainage of the lesion is usually predictable from the loca- 
tion of the nidus (Fig. 9.12). In some cases, however, thrombosis may 
reroute the drainage to additional channels, which may be ipsilateral, con- 
tralateral, or transcerebral. 

These venous variations must be distinguished from collateral circula- 
tion that expresses a secondary response to the presence and the chronic- 
ity of the shunt. Analysis of the possible influences of the AVM venous 
drainage and the brain drainage on each other may assist in the under- 
standing of some of the symptoms, and possibly predict the natural his- 
tory, and will aid in recognition of therapeutic pitfalls (Laine et al. 1981). 
Such analysis must include the effects of reflux, due to both venous hy- 
perpressure and collateral circulation. Yasargil (1987) suggests that most 
hemorrhages occur as the result of venous or vein-nidus junction rup- 
ture. Embryonic veins have been described morphologically and histo- 
logically to persist in BAVM (Vidyasagar 1979; Deshpande and Vidyasagar 
1980) (Table 9.13). 

Venous variations can create patterns that make up an artificial group 
of lesions, such as in vein of Galen and dural malformations ( Vols. 1 and 
3). Schematically; 

1. The immediate or developmental venous adaptation tends to compen- 
sate for the initial hemodynamic disturbance. It alters the rest of the ve- 
nous system in an attempt to bypass the higher pressure lesion and is a 
morphological reaction, creating anatomical variations or allowing the 
persistence of embryonic venous structures. 

2. The collateral venous circulation is a secondary adaptation. It tends to 
preserve the equilibrium of both shunt-related and normal parenchy- 
mal drainages. It absorbs the increased pressure that exists in the ve- 
nous outlet of the AVM into normal channels, a pure hemodynamic re- 
sponse. Its failure to compensate will result in neurological or hemor- 
rhagic complications. 

Venous collateral circulation creates evolving patterns that continuously 
adapt to the changes created by the changes in the AVM environment 
(chronicity of the high-flow conditions, dystrophic changes of the veins, 
aging of the vascular tree). 
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Table 9.13. Embryonic veins in brain arteriovenous mal- 
formations (from Vidyasagar 1979, with permission) 



Irregular thickness (fibrocollagenous or fibromuscular) 
No elastic tissue 
No prominent endothelial cells 
Fenestrated endothelium 



Table 9.14. Areas of venous obstacle 



Foramen of Monro 
Ventricular-choroid fissure junction 
Deep sylvian fissure 
Tentorial edge 

Inferior vermian-dural junction 
Vein of Galen-Falx-tentorial junction 



Thrombosis and kinking of the veins are two obstacles to flow that 
can occur in the venous system draining either the AVM or the brain 
(Figs. 9.24, 9.46). Mechanical interference (Table 9.14) by the sphenoid 
ridge or tentorial edge is frequent and may account for the high incidence 
of hemorrhagic episodes in lesions located along the incisura or in the 
medial temporal lobe (Willinsky et al. 1988b). Some areas of venous nar- 
rowing without upstream ectasia can be seen, which maybe caused by the 
indentation of bridging arteries in their subpial location. In other in- 
stances, without clinical evidence to suggest a previous event, thrombosis 
has occurred, producing a secondary rerouting of the BAVM drainage 
(Figs. 9.54, 9.55). In these cases, thrombosis must be distinguished from 
venous agenesis. The etiological difference highlights the basic distinc- 
tion between anatomical variation (congenital disposition) and collateral 
circulation (acquired condition). 

Spontaneous partial thrombosis of one of the venous outlets can occur 
and tends to be associated with new or worsening clinical symptomatol- 
ogy such as headaches, seizures, or neurological deficit (Fig. 9.58). 

Complete thrombosis of BAVMs was reviewed by Nehls and Pittman 
(1982) and revealed that in 48% of patients, a preceding hemorrhagic 
episode could be identified. The mean age was 39 years and there was no 
sex difference. Lee et al. (2002a) noted similar findings (Fig. 9.52). 

On the other hand, inEisenman’s (1972) review, all spontaneous throm- 
boses occurred following hemorrhage. The compression of a hematoma 
may thrombose an AVM or alternatively may compress only a portion of 
the AVM, which will appear smaller during the acute episode and then re- 
expand after the hematoma has resolved. Even the caliber of some feeders 
may be altered by compression of the nidus or the draining veins. Repeat 
angiography, after the hematoma has reabsorbed, is therefore indicated 
prior to treatment. 

The limitations in assessing spontaneous thrombosis are illustrated in 
Becker’s review of 18 histologically verified occult CVMs (Becker et al. 
1979). He reported that 50% were found to be “thrombosed arteriovenous 
malformations.” The criterion he used to call them AVMs was the ability 
of the small arterial structures within the malformation to be stained us- 
ing elastic van Gieson preparation. This criterion, however, fails to differ- 
entiate AVM from cavernoma, and most so-called thrombosed AVMs are 
probably cavernomas. There was also a significant female predominance 
in his series. The diagnosis of thrombosed AVM does not seem to have any 
prognostic significance. It has been suggested that if surgically accessible, 
the lesion should be removed, to decrease the propensity for rebleed and 
seizures. Evidence to support this approach is lacking, and we recommend 
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Fig. 9.49. MRI (A) demon- 
strates recent intraventricular 
hemorrhage, which on vertebral 
angiography AP view (B) prov- 
ed to be caused by a midline 
choroidal arteriovenous mal- 
formation (AVM). The immedi- 
ate (C) and 2-month follow-up 
vertebral angiogram lateral 
view (D) demonstrates signifi- 
cant enlargement of a venous 
pouch ( arrows ) projecting into 
the 3rd ventricle. Complete 
obliteration of the AVM follow- 
ing embolization with glue was 
demonstrated on vertebral 
angiogram in lateral view (E) 
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Fig. 9.50. MRI coronal view (A) and axial view (B) 1 week after intracranial hemor- 
rhage (ICH) demonstrates recent hemorrhage (ICH) outside as well as a blood clot 
within a vascular channel (vein), both of which showed resolution on follow-up MRI 
axial view 2 months later (C). Carotid angiogram AP view at presentation (D) and 
2 months later (E) showed apparent enlargement of the venous pouch ( open arrows), 
which was in fact caused by thrombus resolution within the vein that had ruptured 



a follow-up angiogram in 6-12 months. If the AVM persists in not filling, 
it should be permanently occluded; no further intervention is needed. 

Finally, the spontaneous thrombotic process that may occur in BAVMs 
seems more frequent in children than in adults (9.6% incidence of spon- 
taneously thrombosed VGAM in our series) and maybe more prominent 
in adult females than in males. Of interest is that 25.8% of BAVMs in chil- 
dren are multiple, whereas only 6.8% in adults are. Could it be that a cer- 
tain percentage of the multiple AVMs in children thrombose before the re- 
maining ones become symptomatic in adulthood? On the other hand, 
spontaneous occlusion of AVMs is often symptomatic (Fig. 9.59), resulting 
in investigation and diagnosis at that time. 








672 9 Cerebral Vascular Malformations 




Fig. 9.51. CT scan axial views 
with contrast enhancement 
(A, B) done at presentation 
demonstrates intracranial hem- 
orrhage (ICH) adjacent to 
venous channel and away from 
arteriovenous malformation 
nidus. Venous cause of ICH 
(arrow) was confirmed at 
carotid angiography lateral 
views (C, D) 




One may suggest the effect of chronic activation of the coagulation sys- 
tem in a lesion that is known to trap platelets (Sutherland et al. 1988). 
Association with a true or dominant coagulation (C or S protein, anti- 
thrombin III) deficiency can be suspected in some patients (Dusser 1988). 
A peculiar pattern of anti-factor VIII secretion has been noted in the en- 
dothelium of some venous malformations of the face (Berenstein and 
Choi 1988) and in some patients with Von Willebrand disease. 

Venous ectasias are the continuous response of the venous wall to re- 
stricted outflow, resulting in turbulence and vascular venous remodeling. 
The aneurysmal dilatation of the vein of Galen illustrates this situation in 
an extreme fashion. Venous ectasias or pouches tend to occur when the 
flow through an enlarged vein encounters an obstacle, which then nar- 
rows it or induces kinking (Table 9.14). The venous dilatation results from 
a failure to find an efficient exit to relieve the increased pressure and may 
be responsible for hemorrhage (Figs. 9.49-9.51). Converging systems 
(deep venous, posterior portion of the basal vein, and deep sylvian vein) 
have a greater chance of developing ectasias than diverging venous sys- 
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Fig. 9.52. A Early and B late 
phases of the left internal 
carotid injection in lateral view. 
Rolandic arteriovenous malfor- 
mation in a patient presenting 
with conjunctival congestion of 
the left eye. Note the pseudo- 
phlebitic aspect of the cortical 
venous drainage into the oph- 
thalmic vein (arrow, B) re- 
sponsible for the ophthalmic 
symptomatology 




terns (cortical veins). The impact of the increased venous pressure related 
to the AVM will depend on the individual anatomical situation. Separa- 
tion of the venous drainage of the AVM from that of the brain would pro- 
tect the brain from retrograde venous hypertension. This would be facili- 
tated by efficient alternate outlets allowing for transosseous, transorbital, 
and contralateral drainage (Figs. 9.52, 9.53). It may also be responsible for 
rare extracranial manifestations of a BAVM such as epistaxis (Fig. 9.54). 
Partial treatment of the AVM may improve the venous drainage capabili- 
ties of the brain. The closer the AVM is located to a dural sinus that drains 
its venous outflow, the less likely it will interfere with the brain venous 
drainage in the region. The farther the AVM is located from the sinus, the 
higher the chance for it to reflux into cerebral veins and create retrograde 
venous congestive sequelae such as decreased tissue perfusion and 
seizures (Figs. 9.55, 9.56). 
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Fig. 9.53. A Early and B venous 
phases of the right internal 
carotid injection in lateral view. 
Posterior temporal arteriove- 
nous malformation draining 
into a large temporoparietal 
vein joining the superior sagit- 
tal sinus without opening into 
it ( solid arrow, A). Note the re- 
flux into a parietofrontal ve- 
nous system leading to conges- 
tion of the entire hemisphere 
( open arrows, B) 




Fig. 9.54. In a patient who pre- 
sented with epistaxis, the 
carotid angiogram lateral view 
demonstrates a small frontal 
polar brain arteriovenous mal- 
formation (curved arrow) fed 
by a frontal polar anterior cere- 
bral artery branch ( long arrow) 
and draining into cortical cere- 
bral veins ( arrowheads ) as well 
as toward the nasal fossa ve- 
nous system ( open arrowhead) 
through the cribriform plate 





Angioarchitecture of Brain Arteriovenous Malformations 675 




t 




f “ * V t- —8 ^ 

c L / 

Fig. 9.55. A Early and B late phases of the left vertebral artery angiogram in lateral 
and C frontal views. Occipital pole arteriovenous malformation fed by the posterior 
temporal branch of the right posterior cerebral artery. Note the congested venous 
drainage that crosses the midline to open into the opposite medial, temporal venous 
system via the posterior communicating vein (arrow) 
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Fig. 9.56. A Early and B late phase of the left vertebral artery injection in lateral view. 
Posterior fossa arteriovenous malformation revealed by temporal seizures. Note on 
the late phase (B) the congested supratentorial venous system, opacified through the 
lateral mesencephalic venous connections 



CSF Changes 

Alterations in CSF circulation and absorption maybe caused by increased 
venous pressure related to the AVM drainage or due to thrombosis with- 
in the superior sagittal sinus. Reflux into the superior sagittal sinus and 
stagnation in its posterior segment may, in some AVMs, induce segmental 
thrombosis that finally separates the shunt drainage from that of normal 
brain parenchyma. Transosseous and orbitofacial venous collateral circu- 
lation may occur and if efficient, such drainage may allow the abnormal 
venous reflux to remain asymptomatic. Many CSF disorders associated 
with BAVM remain unexplained, and less well-known phenomena such as 
transcerebral vein dysfunction and lack of cerebral compliance are just 
two examples of mechanisms that may result in significant modification 
of the extravascular intracerebral water compartment (see Vol. 3) (Zerah 
et al. 1992). 

Calcifications 

Calcifications in BAVMs are usually located in the venous walls. In chil- 
dren, calcifications may occur at a distance from the shunt, in normal 
veins, probably secondary to hypoxia at the venous watershed zones or at 
the subpial cortical venous level (Sturge 1879; Weber 1922) (Fig. 9.66). 
They can appear with age but once present they do not disappear. Calcifi- 
cations are rarely parenchymatous and usually correspond to a calcified 
cerebral hematoma. Sutherland et al. (1988) were able to demonstrate 
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platelet aggregation within the malformation in two patients with calci- 
fied BAVMs. 



9.3.1. 5 Clinical-Angioarchitectural Correlation 
in Brain Arteriovenous Malformations 

The natural history of brain arteriovenous malformations (BAVMs) has 
been related to every conceivable facet of the lesion, including size and to- 
pography (Shi and Chen 1986; Spetzler and Martin 1986), the age and sex 
of the patients, the location of the lesion (Crawford et al. 1986; Forster et 
al. 1972; Jomin et al. 1985), the presence and type of venous obstruction 
(Laine et al. 1981; Lasjaunias et al. 1986a), and associated arterial aneu- 
rysms (Miyasaka et al. 1982; Batjer et al. 1986; Lasjaunias et al. 1988). Most 
natural history studies have been retrospective reports (Graf et al. 1983; 
Crawford et al. 1986; Brown et al. 1988). The best available prospective 
studies are those of Ondra et al. (1990) and Mast et al. (1997). A prospec- 
tive correlation between the angioarchitecture of the AVM and its clinical 
implications has, however, not yet been made. 

Hemorrhage and Angioarchitecture 

Hemorrhage in a patient with a BAVM is a significant change in the com- 
pliance of the vascular system. Similarly, the onset of seizures or neuro- 
logical deficits in an AVM patient is an imbalance in the compliance of 
brain function in relation to the AVM. 

It has been postulated that sudden headaches, with or without seizures, 
and other acute symptoms (often transient) can be considered as expres- 
sions of minor local hemorrhage. Evidence of such small hemorrhages 
has been noted at surgery (Stein and Wolpert 1980; Yamada 1982). If this 
correlation is correct, then these minor bleeding events increase the true 
incidence of hemorrhage in BAVMs, but by the same token, it would de- 
crease the real morbidity and mortality risks of a BAVM. 

There is evidence that bleeding can result from rupture of the AVM 
nidus, arterial aneurysm rupture, or from venous rupture, which may oc- 
cur close to or remote from the AVM. 

Analysis of Crawford’s patients who bled reveals that arterial 
aneurysms were significantly more frequent in the hemorrhage group 
(41%) than in the overall population of those with AVMs without 
aneurysms. Redekop (1998) noted in the Toronto series that the occur- 
rence of hemorrhagic presentation increased from 40% to 72% if the lo- 
cation of the AA was intranidal versus being on the feeding pedicle to the 
AVM and resulted in an expected future annual risk of hemorrhage of 
10%. In the Bicetre series, it was noted that the presence of intranidal AAs 
significantly worsened the natural history for future hemorrhage (Meisel 
et al. 2000). 

It is also relevant that the incidence of both associated aneurysms and 
hemorrhage increases with age. Therefore, it becomes evident that, in any 
given AVM patient, the overall 3%-4% risk of hemorrhage per year may 
not apply. 

In addition, each individual will react differently to the presence of a 
malformation. Consequently, although acquired features are linked to the 
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AVM, they also express the host’s capacity to compensate for the presence 
of an AVM. The increased chance (89%) of rebleed in an AVM patient 
diagnosed after the age of 60 (Crawford et al. 1986) may testify to the ac- 
quired rigidity of the vascular system with aging and its vulnerability to 
the presence of the AVM. 

Deep venous drainage and deep location of the AVM were also noted to 
be associated with a higher risk for hemorrhage at presentation in the 
series of Langer et al. (1998) and Porter et al. (2000a). However, in the 
subsequent natural history after presentation, only deep location and in- 
creased size were risk factors for future hemorrhage (Porter et al. 2000; 
Stefani et al. 2002). 

Hemorrhages located at a distance from the nidus are usually related to 
venous bleeding (Figs. 9.48-9.51). Yasargil (1987) found the venous pres- 
sure in ruptured AVMs to be higher than in unruptured ones (as meas- 
ured during open surgery). 

In conclusion, a hemorrhagic episode accounts for the failure of the 
host vascular system to compensate for the morphological alterations that 
have been induced by the AVM upon the arterial and venous systems or 
that have occurred within the nidus of the AVM itself. This may also ex- 
plain why the risk factors for hemorrhage at presentation are not neces- 
sarily the same as the factors for future risk of hemorrhage after presen- 
tation (natural history). While these factors in the various retrospective 
and prospective series are not always identified as the same (reflecting re- 
ferral and management biases) (Hofmeister et al. 2000), the fact remains 
that a relationship between angioarchitecture and hemorrhage can al- 
most always be identified. 

Cerebral Function and Angioarchitecture 
of Brain Arteriovenous Malformations 

The interaction between cerebral AVMs and brain function represents the 
most challenging aspect of analysis of these lesions. The goal of the analy- 
sis of the AVM angioarchitecture is to appreciate specific patterns that 
have or will create symptoms. Such analysis tends to be mostly retrospec- 
tive, but their interpretations may help us to identify the vascular arrange- 
ments responsible for future clinical problems. 

Neurological deficits and seizures may be caused by the AVM through 
several mechanisms: (a) ischemia, either arterial or venous, and (b) direct 
or indirect mechanical compression. Arterial ischemia may arise from 
two types of mechanisms: (a) a steal phenomenon or (b) occlusive 
changes. In our experience, evidence of the steal phenomenon has never 
been conclusively demonstrated, except by angiographic studies. 

The concept of steal in angiography is based on the nonvisualization of 
vessels in a normal area of the brain that should have been visualized at 
the time of injection. However, careful angiographic evaluation will al- 
ways demonstrate the nonvisualized branches through leptomeningeal 
anastomosis from adjacent territories, thus expressing the capability of 
the brain circulation to adapt. Most of the territories that presumably 
were “stolen” from, were not symptomatic even when the flow within the 
AVM was high enough to steal all the contrast material from the ipsilater- 
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al hemisphere. Although there is doubt with regard to the symptomatic 
aspect of this phenomenon, the finding itself cannot be denied. 

Arterial stenosis and occlusion proximal to the AVM may range from a 
single vessel narrowing to a moyamoya pattern but will always testify to 
the acquired response of the upstream arterial tree. Such changes are 
usually slowly progressive, allowing for a stepwise compensation, which 
accounts for their clinically silent development. These changes may even- 
tually lead to progressive symptoms such as headaches, neurological 
deficits, and seizures. In our experience patients with occlusive changes 
may have fewer hemorrhagic complications than those patients without 
such changes. 

The concept of venous ischemia is accepted by most authors involved 
in the management of cerebral arteriovenous lesions but is rarely ac- 
knowledged for its significance. Laine et al. ( 1 98 1 ) pointed out the key role 
played by the veins in understanding the symptoms from dural and 
BAVMs. The absence of any arterial steal or contribution from pial arter- 
ies to the supply of dural AVMs, while often presenting with identical neu- 
rological manifestations as BAVMs, points to the predominant role of the 
venous drainage in producing symptoms. 

It is also important to remember that 60%-80% of the cerebral blood 
volume is located in the venules of the cerebral venous system. They have 
all the necessary characteristics for active exchange with the surrounding 
tissue, testifying to their role in nutrient exchange. Flow in venules in the 
white matter is bidirectional, allowing them to fulfill their nutrient role 
even in a retrograde fashion. Most of these nutrient functions involve 
catabolic reabsorption (Auer and McKenzie 1984). The progressive nature 
of the deficits and their fluctuation in severity reflect the attempts of the 
collateral circulation to overcome the increased pressure in the venous 
outlet of the shunt. Decreased tissue perfusion secondary to venous isch- 
emia may produce virtually any type of neurological symptom (motor 
or sensory deficits, neuropsychological alteration, seizures, etc.). The 
greater the distance between the shunt site and its venous exit into the 
dural sinus the higher its chances of interfering with the normal brain 
circulation. 

The impact of the BAVM on the surrounding brain circulation and 
function is starting to be evaluated with high field strength (3T) MRI ex- 
amination. While these investigations are still preliminary, they appear to 
confirm our beliefs with respect to the dynamic interrelationship between 
the BAVM and the individual host and consequently the potential for 
altering this impact with selected targeted endovascular therapy. 

Seizures and Angioarchitecture of Brain Arteriovenous Malformations 

Seizure is the second most frequent presenting symptom in all BAVM pa- 
tients and will occur in up to 53% of cases. The most frequent AVM loca- 
tions associated with seizure production are the motor-sensory strip and 
the temporal areas, representing close to 70% of patients with seizures 
(Crawford et al. 1986). In patients without an obvious hematoma or sub- 
arachnoid hemorrhage, the cause of seizures has been controversial. It has 
been said that this symptom is frequently associated with small hemor- 
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Fig. 9.57A-D. Patient with new 
onset of acute headaches and 
focal seizure. MRI axial views 
show increased signal in the 
brain adjacent to an arteriove- 
nous malformation (AVM, A) 
as well as increased signal 
(arrow) in superficial vascular 
channel (B). The sagittal MRI 
performed 1 year earlier (C) 
had shown flow void (arrow) in 
one of the veins draining the 
AVM. The new MRI 1 year later 
(D) demonstrates recent 
thrombosis of this vein (ar- 
row), producing new onset 
of seizures and headaches 



rhages, discovered only at the time of surgery (Stein 1985). However, only 
6.5% of Yasargil’s surgery patients who presented with a seizure had evi- 
dence of bleeding at the time of surgery. Some of the discoloration noted 
at this time may have represented old areas of previously thrombosed 
malformation or veins. The onset of seizures in a previously healthy indi- 
vidual must reflect an acute or abrupt change in hemodynamics, which 
may be due to rerouting of drainage from the malformation through a 
vein that previously drained normal brain. 

The increase in pressure produces secondary neurological dysfunction 
of the affected brain and seizures may result. A patient with a posterior 
fossa vascular malformation developed venous drainage that was rerout- 
ed toward the temporal lobe and subsequently presented with temporal 
lobe seizure (Fig. 9.56). Headaches and new onset seizures can also occur 
when venous thrombosis develops in association with a BAVM (Fig. 9.57). 
It may lead to its complete obliteration when such thrombosis involves the 
only venous outlet of the AVM, (Fig. 9.58). 

Mass effect associated with unruptured BAVM has been observed for a 
long time (ter Brugge et al. 1977) and has been demonstrated by CT and 
MRI in up to 18% of patients. In unruptured AVMs, the size of the venous 
component is often the dominant factor responsible for mass effect. 
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Fig. 9.58. MRI (A) performed at the time of the original investigation for seizure 
disorder had shown frontal arteriovenous malformation (AVM, long arrow) with 
prominent internal cerebral venous drainage ( short arrow). Nonenhanced CT scan 
(B) done 1 year later after new onset of sudden headaches demonstrates thrombosis 
of internal cerebral vein ( short arrows). Carotid angiograms lateral view at the time 
of the original investigation (C) and 1 year later (D) after acute onset of headaches 
demonstrates that there is no longer opacification of the AVM and the internal cere- 
bral vein 



Headaches and Angioarchitecture of Brain Arteriovenous Malformations 

Headaches are subjective and difficult to quantify and to study. In patients 
with BAVMs, headaches can be divided into those that accompany an 
episode of a subarachnoid or intracerebral hemorrhage versus those that 
are more subacute or chronic in nature. 

The acute headaches associated with hemorrhage are those typically 
related to an acute event, presenting abruptly and usually severe in nature, 
associated with photophobia, nausea, vomiting, convulsion, and loss of 
consciousness. While the headaches may signify the hemorrhage, the im- 
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Fig. 9.59. CT scan (A) at pres- 
entation demonstrates intra- 
cerebral and intraventricular 
hemorrhage and IVH from a 
basal ganglia arteriovenous 
malformation (AVM) shown on 
carotid angiogram AP view (B). 
Carotid angiogram lateral 
views at presentation (C) and 
3 months later (D), as well as 
vertebral angiograms lateral 
views at presentation (E) and 
3 months later (F), demonstrate 
that there is no longer opacifi- 
cation of the AVM. No treat- 
ment was given in the interval 
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pact of the hemorrhage on the angioarchitecture may in fact be positive 
and in exceptional circumstances lead to obliteration of the AVM 
(Fig. 9.59). Depending on the extend of the hemorrhage, the patient may 
deteriorate acutely with generalized cerebral dysfunction and may 
progress to respiratory and/or cardiac arrest. 

Constant headaches or episodes of throbbing (migraine-like) 
headaches can occur in the same patient. The headaches are often local- 
ized to the same side as the AVM. Headache is the first symptom in ap- 
proximately 60% of patients and was present in over 20%-30% of our pa- 
tients. The headaches associated with various vascular distributions are 
those that relate specifically to the dural supply and/or external carotid 
participation in a vascular malformation. These types of headaches may 
have a precise distribution. They are usually throbbing in nature and of- 
ten are associated with some eye symptoms. Patients with significant or 
predominant posterior cerebral artery supply to a BAVM may have asso- 
ciated headaches, most often localized to the same side as the malforma- 
tion. These may also be associated with various types of visual prodromes 
and/or intermittent episodes of field defects. 

Patients with arterial stenotic lesions in association with an AVM 
frequently appear to have chronic headaches that are not responsive to 
treatment. 

The management of the headaches will vary depending on their per- 
ceived cause. Embolization, in general, may relieve headaches of vascular 
nature. When the dural participation to an AVM is properly embolized, as- 
sociated headaches usually resolve or diminish. On occasion, the visual 
prodrome may persist, but the headaches will not reappear. In patients 
with BAVMs with posterior cerebral artery participation, the headaches 
may actually be exacerbated for a short period of time, usually days, after 
embolization of this supply and then improve or disappear. Conversely, 
in patients with middle or anterior cerebral artery contribution in the 
presence of posterior cerebral artery supply, the headaches may worsen 
after embolization of the middle and anterior cerebral artery supply and 
again improve following subsequent embolization of the posterior cere- 
bral supply. 

Arteriovenous Malformations and Pregnancy 

While there appears to be an increased rate of presentation at the time of 
pregnancy, much controversy continues on the possible increased risk of 
neurological complications, primarily hemorrhage, during pregnancy. 
Neither in our experience nor that of Yasargil (1987) was there any evi- 
dence of an increased bleeding rate associated with the BAVM during 
pregnancy. Controversy also exists as to the increased risk of hemorrhage 
during delivery. It is known that the venous pressure will be increased 
during Valsalva maneuvers at the time of delivery and also that a number 
of patients with AVMs have had acute symptoms or aggravation of preex- 
isting symptoms during the third trimester of pregnancy or during deliv- 
ery. On the other hand, a significant number of patients have gone through 
multiple pregnancies and deliveries without manifestations of their dis- 
ease (Dias and Sekhar 1990). It appears prudent that if a vaginal delivery 
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is contemplated the procedure should be done with an epidural block and 
nausea-producing drugs be avoided. 

In our opinion the presence of a BAVM is not a contraindication to be- 
coming pregnant. 



9.3.2 Venous Variations, Malformations, and Mixed Lesions 

Over the years venous lesions of the CNS have generated a large number 
of publications (Nishizaki et al. 1986; Koussa et al. 1985; Tagle et al. 1986). 
Among the most controversial venous lesions are the so-called cavernous 
type, which were called venous angiomas or cavernous hemangiomas. 
Some of these lesions have been regrouped under the generic name of ve- 
nous hamartomas (Crawford and Russell 1956). Hamartomas, however, 
are spontaneous proliferations of elements derived from the regional tis- 
sues in which they develop (Rubinstein 1972, 1981). Such proliferation and 
growth produces a large number of cells that eventually reach maturation 
and become self-limiting. The resulting mass appears as an exaggeration 
of a physiological process. These lesions do present some tumor-like char- 
acteristics and they should not be considered as malformations. While 
capillary hemangiomas of infants correspond to this definition, none of 
the cerebral venous anomalies or abnormalities can be accurately de- 
scribed as hemangiomas (Table 9.15). 

As some of the venous vascular malformations (capillary telangiec- 
tasias, cavernomas) are not readily visible at angiography, improved non- 
invasive imaging (MRI) has assisted us in the documentation of these 
CVMs. 

The coexistence and possible interrelationships between various vas- 
cular malformations have recently become better documented (Awad et 
al. 1993; Chang et al. 1997; Nussbaum et al. 1998). This is particularly im- 
portant in order to have a better understanding of their individual or 
combined natural history, and in turn this may lead to more appropriate 
management strategies. 



Table 9.15. Classification of venous lesions (from Lasjaunias et al. 1989) 



Traditional classification 


New classification 


Cerebral venous angiomas 


Developmental venous anomaly 
(anatomical variation) 


Cavernous hemangiomas 


Cavernomas 


(cerebral or spinal cord) 


(cavernous malformations) 


Cavernous hemangiomas 


Cavernous hemangiomas 


(dural or epidural) 


(tumors) 
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Fig. 9.60. Carotid angiogram 
lateral view demonstrates 
hemispheric developmental 
venous anomaly with poorly 
developed superficial cortical 
venous system and most of the 
hemisphere draining into the 
deep venous system (DVA) 




9.3.2 . 7 Developmental Venous Anomalies 

Saito and Kobayashi (1981) were the first to question the malformation 
basis of venous angiomas. Subsequently, they were named developmental 
venous anomalies (DVAs) (Lasjaunias 1986) on the basis of their distribu- 
tion along transmedullary venous anastomoses, where cortical differenti- 
ation has occurred (see Vol. 1) (Fig. 9.60). We also expressed doubts re- 
garding the role these lesions have in most of the clinical events when they 
were demonstrated, thus questioning the need for therapeutic interven- 
tion (Lasjaunias et al. 1989; Jimenez 1989). They are not encountered else- 
where in the CNS, as opposed to other vascular malformations. Their fre- 
quent incidental appearance on CT and MRI has become well recognized 
(Fig. 9.61) and emphasizes their benign nature. Failure to efficiently drain 
cerebral tissue would explain their possible role in ischemic or hemor- 
rhagic events, independent of their association with true pathologies 
(cavernoma, AVM, etc.) (Nussbaum et al. 1998). Furthermore, the not in- 
frequent association of DVAs with true vascular malformations, mostly of 
the capillary or venous type (Fig. 9.62), has raised speculation regarding 
their causative interrelationships. Nevertheless, clinical symptomatology 
is rarely directly related to the presence of the DVA, and therefore man- 
agement should be directed toward the preservation of the DVA, as it rep- 
resents the key to good clinical outcome. 
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Fig. 9.6 1 . T 1 - weighted MRI 
(A) and T1 -weighted postcon- 
trast enhancement (B) demon- 
strates typical appearance of 
superficial deep venous anom- 
aly ( arrows ) draining most of 
the deep left cerebellar hemi- 
sphere 





Fig. 9.62. T2-weighted MRI (A) 
demonstrates characteristic 
popcorn appearance of a caver- 
noma (arrow) along the floor 
of the 4th ventricle, while en- 
hanced Tl-weighted MRI (B) 
shows the associated develop- 
mental venous anomaly 
(arrow) draining the adjacent 
brainstem as well as the deep 
right cerebellar hemisphere 



9. 3.2.2 Cavernous Hemangiomas 

In vitro studies presently make it possible to differentiate a proliferative 
lesion (tumor) from a nonproliferative one (malformation). The clinical 
and therapeutic consequences of this distinction are obviously very im- 
portant. Confusion results from the fact that both lesions have always 
been presented under the same name. 

Cavernous hemangiomas, benign neoplasms of blood vessel origin, are 
typical tumors. They can occur in the intracranial or intraspinal epidural 
space (Simard et al. 1986; Buonaguidi 1984) and exceptionally occur in the 
CNS itself. They may also develop in the peripheral nervous system 
(Fehlings and Tucker 1988). Angiography usually shows a faint homoge- 
neous capillary stain, suggesting the preoperative diagnosis of menin- 
gioma (Numaguchi 1979). Cavernous hemangiomas are best demonstrat- 
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ed on contrast-enhanced MRI; angiography is seldom required to make 
the diagnosis. Cavernous hemangiomas are more frequent in females in 
whom a progressive mass effect may expand the lesion acutely during 
menstruation or pregnancy (Kobayashi et al. 1984). 

These lesions are mostly treated surgically (Padovani et al. 1982), al- 
though certain authors have suggested the possibility of radiation thera- 
py (Yamasaki et al. 1984), but this method has not proven to be consis- 
tently effective and may be associated with significant morbidity. These 
lesions seldom bleed and there have been no incidental recordings at au- 
topsy. They were nosologically believed to be close to the lingual or orbital 
hemangiomas (Harris and Jzkobiec 1979). 

More recently Biondi et al. (2002) have cast doubt on this concept of 
their tumoral origin and in an extensive review of the literature combined 
with their own experience, they propose that extra-axial cavernous he- 
mangiomas are not of tumoral origin. In their opinion, no evidence exists 
as to their proliferative nature and in fact histopathological examination 
of available specimens suggested a strong resemblance to intracerebral 
cavernomas. Their different imaging characteristics (increased T2 signal 
on MRI, enhancement with contrast, and opacification at angiography) 
are merely a reflection of their location, with access to the function of the 
subarachnoid space such as the wash-out of blood products (Biondi et al. 
2002). 



9. 3.2. 3 Cerebral Cavernous Malformations 

Cerebral cavernous malformations (cavernomas) are the only true venous 
malformation of the CNS (Table 9.16) (Stein 1985). Their incidence is 
0.5% (Otten et al. 1989), and they can be encountered anywhere in the 
cerebral or spinal cord tissue (Fontaine et al. 1988; Cosgrove et al. 1988; 
Iplikcioglu et al. 1986; Wang et al. 1988; Lejeune et al. 1989). Cavernous 
malformations are usually angiographically occult. Their association with 
DVAs (Fig. 9.62) or confusion with true cavernous hemangiomas (see pre- 



Table 9.16. Classification of cerebral venous malformations 



Single cavernoma (cavernous malformation) 

Multiple cavernomas (cavernous malformations) 
Familial 
Nonfamilial 

Associated cerebral vascular lesions 
Capillary malformations 
Arteriovenous malformations 
Developmental venous anomalies 
Associated extracerebral vascular lesions 

Venous or venolymphatic extracranial malformations 

Associated systemic venous malformations 
Sturge-Weber 

Cobb and Klippel-Trenaunay 
Blue rubber bled nevi 
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ceding section) accounts for most of the reports of so-called positive an- 
giography (Simard et al. 1986). Only 4.5% of cavernous malformations are 
symptomatic (Otten et al. 1989; Steiger et al. 1989). 

Fundamentally stable, these lesions can expand by confluence of the 
vascular spaces and further achieve cystic forms through secondary con- 
fluence of intralesional spontaneous hematomas (Belloti et al. 1985). 
There is no cerebral tissue interspersed between the vascular lumens and 
no evidence of cellular proliferation, capsule formation, or a relationship 
between the age of the patient and the size of the lesion (Steiger et al. 
1989). Numerous cavernous malformations have been reported in new- 
borns and children (El Gohary et al. 1987; Yamasaki et al. 1984; Iwasa et al. 
1983; Hubert et al. 1989; Mazza et al. 1989). 

Cavernomas can develop de novo particularly following previous radi- 
ation therapy (Pozzati et al. 1996; Detwiler et al. 1997; Larson et al. 1998; 
Maeder et al. 1998). The proliferative capacity of their endothelial cells has 
been reported in some cavernomas and may explain the growth and the 
de novo appearance of these lesions (Rutka et al. 1988; Notelet et al. 1997). 
We have also seen the de novo appearance of cavernomas in patients with 
extensive dural AVFs with and without deep venous reflux (Fig. 9.63). 

Familial cavernomas have been found to be particularly prevalent 
among the Hispanic population of Mexican descent, with over 50% of af- 
fected patients having one or more relatives with cavernomas. Multiple 
cavernomas (Fig. 9.64) invariably denote familial disease (Bicknell et al. 
1978; Clark 1970; Giombini and Morello 1978; Hayman et al. 1982), and 
intracranial (cerebral) as well as intraspinal (medullary) cavernous mal- 
formations can be present in the same individual. The transmission, 
like all inherited CVMs, is autosomal dominant. Genetic analysis has lo- 
calized a gene causing cavernomas to a segment of the long arm of human 
chromosome 7 (7q), although additional gene mutations are suspected 
(Dubovsky et al. 1995; Marchuk et al. 1995; Gunel et al. 1996). Even though 
intralesional hemorrhage is consistently found at pathology, few of these 
hemorrhages are clinically apparent. Patients with cavernous malforma- 
tions rarely present with subarachnoid hemorrhage, including those in 
spinal cord locations (Ueda et al. 1987). 

Whether the natural history for all types of cavernomas (single, multi- 
ple, familial, de novo), is the same remains speculative, and we anticipate 
differences between these groups to become recognized in the future. Re- 
cent natural history studies that did not separate out these potential dif- 
ferences have shown an overall annual event (hemorrhage) rate between 
3% and 4% (Porter et al. 1997; Moriarty et al. 1999). However, cavernomas 
in lobar locations had an annual event rate of less than 1%, while those in 
deep locations (basal ganglia, thalamus, and brain stem) had an annual 
event rate of up to 10%. The neurological deficit caused by acute events 
from cavernomas in deep locations resulted in less than 40% of patients 
in complete resolution of their symptoms (Porter et al. 1997b), indicating 
an apparently worse natural history for cavernomas in deep locations. 

Cavernomas can be associated with telangiectasias as well as DVAs 
(Izukawa et al. 1987; Awad et al. 1993). It has become apparent in the liter- 
ature (McLaughlin et al. 1998; Abdulrauf et al. 1999) as well as in our own 
experience that patients presenting with a clinical event (hemorrhage) 



Cerebral Cavernous Malformations 689 



Fig. 9.63A, B. Symptomatic 
midbrain cavernoma (proven 
at surgery) developed in pa- 
tient with transverse sinus dur- 
al arteriovenous fistula associ- 
ated with deep venous reflux. 
MRI at original presentation 
(A) and 5 years later (B) 
demonstrates de novo caver- 
noma (arrow) 




Fig. 9.64. T2-weighted MRI 
(A) and with gradient echo se- 
quences (B) demonstrate mul- 
tiple cavernomas involving 
both cerebral hemispheres in 
patient with family history of 
cavernomas 




and imaging studies that reveal the coexistence of a cavernoma and a DVA 
or a telangiectasia, the cause of the clinical symptoms invariably is the 
cavernoma. 

Whether the DVA could be responsible for the development of a re- 
gional cavernoma remains speculative. However, since the DVA drains 
normal brain tissue it should always be preserved while the indication for 
treatment of the cavernoma depends on its clinical stability versus its sur- 
gical accessibility. 

The interrelationship between cavernomas and capillary telangiec- 
tasias does not appear to be etiologically or clinically significant. 

From a patient management point of view, we recommend that, follow- 
ing CT demonstration of an acute intracerebral hematoma and a negative 
angiogram, or an angiogram demonstrating a DVA in the region of the 
hematoma, a MRI should be obtained with grading echo sequences to 
identify the presence of hemosiderin, reflecting previous hemorrhagic 
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events or other lesions, and to differentiate cavernoma from neoplasm. 
If inconclusive and the hematoma is clinically well tolerated, then a repeat 
MRI examination should be performed in 2-3 months’ time. If the hema- 
toma reabsorbs to a cleft an angiogram should be performed to exclude a 
micro-AVM but if the hematoma mass persists to a significant extent a 
cavernoma is strongly suspected and a baseline for follow-up is estab- 
lished. Further enlargement of the hematoma mass would of course raise 
a strong suspicion of neoplastic disease. 



9.3. 2.4 Occult and Cryptic Malformations 

Angiographically occult lesions refer to a multifactorial situation in which 
the quality of the examinations performed is important. At present no sin- 
gle imaging modality has the ability to diagnose all of the so-called occult 
vascular lesions. A lesion that would be occult to all modalities including 
pathology is cryptic. By definition, cryptic lesions are mysterious and hid- 
den, whereas occult lesions are difficult to diagnose. This does not mean 
that occult lesions are invisible to all modalities since their existence is not 
questioned (Table 9.17). When Crawford introduced the concept of cryptic 
AVM in 1956 (Crawford and Russell 1956), examples of intracerebral hem- 
orrhages with AVMs were cited. These cryptic lesions were encountered in 
4.5% of patients with intracerebral hemorrhage (Russell 1954). Following 
many additional publications, the term “cryptic” has been accepted but has 
been applied to a heterogeneous group of malformations. 

Intralesional thrombosis or compression of an AVM by an intracerebral 
hematoma may account for the nonvisualization of an otherwise visible 
lesion at angiography (Fig. 9.65). Only cavernomas and telangiectasias are 
truly angiographically occult. The appearance of cavernomas and their 
relationship to clinical events at MRI are now well established ( Willinsky 
et al. 1996), while telangiectasias are becoming more recognized at MRI 
(Lee and Libby 1997) and are of course recognizable at pathology. 

Cryptic lesions represent neither a specific clinical or anatomical enti- 
ty. They correspond to the remaining causes for hemorrhagic episodes 
when other lesions have been excluded. Their incidence reflects our lack 
of understanding and knowledge, and by itself has no epidemiological 
value since it represents a postulated disease or group of diseases. 

Occult lesions represent our failure to demonstrate with a given imag- 
ing tool a heterogeneous group of pathologies. Similar to cryptic lesions 
but for different reasons, the incidence of occult malformations has no 
epidemiological value but is mainly of technological interest. 

Table 9.17. Angiographically occult cerebral vascular malformations 



Permanently angiographically occult 
Cavernomas 
Capillary malformations 
Thrombosed arteriovenous malformations 

Transiently occult 

Small arteriovenous malformations (compressed by recent hemorrhage) 
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Fig. 9.65. CT scan at presentation (A) shows small recent lobar intracranial hemor- 
rhage with no vascular cause apparent on immediate vertebral angiogram AP view 
(B). MRI coronal view (C) obtained 6 weeks later shows resolution of the hemorrhage 
into a cleft (arrows) and no cause to be apparent. Vertebral angiogram AP view (D) 
repeated at that time does now demonstrate a small arteriovenous malformation 
(arrow) to be responsible for the bleed (angio-occult at presentation) 



9. 3.2. 5 Sturge-Weber Syndrome 

Two types of Sturge-Weber syndrome can be distinguished angiogra- 
phically, depending on the patency of the deep venous system and its 
capacity to collect the drainage of the hemispheres (Fig. 9.66) (Bentson et 
al. 1971). 

Although traditionally described as a pial vascular malformation, this 
does not reflect our current understanding of the clinical and radiologi- 
cal findings in these patients. The developmental defect (malformation) is 
probably only manifested by the venular, lymphatic, or mixed malforma- 
tion seen on the face. The relationship of the facial lesion to the trigemi- 
nal nerve root topography is only of historical interest. Any port wine 
stain of the face will, by definition, involve some or all of the trigeminal 
root territory without causative relationship. Its topography does not al- 
low any reliable prediction concerning the status of cerebral involvement. 
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Fig. 9.66. A Late phase of a 
right carotid angiogram in lat- 
eral projection in a patient with 
Sturge- Weber syndrome. The 
only draining vein to the hemi- 
sphere is a deep-seated vein 
that connects the superior stri- 
ate to the inferior striate system 
{arrow). B Sagittal MRI con- 
firms this venous anastomosis. 
No cortical vein is demonstrat- 
ed in the parieto-temporo-oc- 
cipital region 



The cortical lesion may arise from an early (in utero) thrombosis of the 
medullary veins on either side of their opening (deep or superficial), lead- 
ing to the unusual venous pattern described in the disease. Secondary 
postischemic (venous) atrophy and, eventually, calcification create the 
traditionally reported appearance. The thrombosis could be related to an 
unknown (or undetected) coagulation problem associated with the venu- 
lar malformation or to the response of the coagulation system to the pres- 
ence of anti-factor VIII, as encountered in some venous malformations. 
Therefore, cerebral anomalies without facial port wine stain (Ambrosetto 
et al. 1983), enlargement of the choroid plexus (Stimac et al. 1986), pro- 
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Fig. 9.67. Sturge- Weber syn- 
drome. Plain skull X-ray 
demonstrates typical aspect of 
the subcortical calcification 




Fig. 9.68. MRI coronal views 
T1 -weighted without (A) and 
with contrast enhancement (B) 
in a patient with Sturge- Weber 
disease demonstrates cortical 
atrophy involving left parietal 
lobe and enhancement along 
its surface as well as prominent 
ipsilateral choroid plexus. 
(Courtesy of S. Laughlin) 




gression of the disease (Probst 1980; Garcia et al. 1981), localization of the 
calcifications and atrophy in the hemisphere opposite the port wine stain 
(Chaudary 1987; Cersoli et al. 1989), and posterior fossa locations charac- 
terize the heterogeneity and the spectrum of the disease. Thus, Sturge- 
Weber syndrome can be summarized as follows: 

1. Facial venular malformation (port wine stain), sometimes capillary 
venular or venolymphatic, with facial bone (maxillary and malar) hy- 
pertrophy. 

2. Cerebral venular thrombosis, due to an associated coagulopathy or lo- 
cal hemodynamic disorder (but eventually isolated). 
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There is no direct relationship between the facial and cerebral topogra- 
phies. The skin manifestation of the port wine stain is stable and the 
trigeminal distribution is fortuitous. The cerebral venular disease is active 
as long as triggering factors continue to produce ischemia in the venules 
leading to focal decreased circulation through the affected cerebral hemi- 
sphere. Calcifications and atrophy may occur (Figs. 9.67, 9.68) and neuro- 
logical deficits and seizures may develop. 
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10.1 Introduction 

Decisions pertaining endovascular treatment of brain arteriovenous mal- 
formations (BAVMs) require complete information with respect to the 
clinical circumstances and the imaging characteristics, including the an- 
gioarchitecture of the AVM as well as the brain. With these factors in 
mind, a clinical-morphological analysis can be made to formulate the best 
plan for therapy, which might include embolization as well as other 
modalities. The angioarchitecture of the AVM will determine both the ap- 
proach to the lesion and the expected chances of reaching the therapeutic 
goal. The various treatment modalities and treatment skills available may 
change in time, whereas the original objective, as determined by clinical 
and angioarchitectural features, will likely remain the same. 
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1 0.2 Indications for Treatment 
of Brain Arteriovenous Malformations 

The discovery of a BAVM in a patient is not necessarily an automatic in- 
dication for treatment. Various attempts have been made to devise deci- 
sion analysis programs to determine the risks of conservative versus ac- 
tive treatment of BAVMs such as those introduced by Fisher (1989) and 
Steinmeier et al. ( 1 989 ) . All are based on the ability to deal with the lesion 
from a purely surgical viewpoint. They did not consider the role of em- 
bolization as a preoperative adjunct, a sole mode of treatment (when 
complete obliteration of the malformation is obtained with a permanent 
agent), or as part of a combination of treatments. While some surgical in- 
vestigators have started to realize that not all BAVMs carry the same risk 
for future hemorrhage, the recommendation for management has contin- 
ued to be the same. Obliterate (remove) the AVM and use a method that 
has the highest chance of accomplishing obliteration in one setting: sur- 
gery, the limiting factors being surgical accessibility (AVM size, location, 
etc.) and therefore anticipated surgical morbidity and mortality associat- 
ed with the treatment. Such a strategy fails to act upon growing evidence 
in both surgical and endovascular literature that all BAVMs are not the 
same and do not carry a similar risk for future symptoms (Hofmeister et 
al. 2000) and therefore the risk of treatment should be less than the natu- 
ral history of that particular lesion. Targeted embolization is a viable, safe, 
and effective means of therapy in appropriate circumstances (Meisel et al. 
2001). At the same time, when building a rationale for management strat- 
egy based upon data from the literature, one must realize that many of the 
reports are necessarily biased because of referral patterns. Although such 
data (hemorrhagic presentation rate, natural history, etc.) may very well 
support their recommendations for the treatment strategy of their re- 
ferred group of patients, it may not apply for a different (population- 
based or other) referred group of BAVM patients (Hofmeister et al. 2000). 
In addition, when a treatment strategy is to be considered, it should take 
into account the local expertise available (endovascular, neurosurgical, 
and radiosurgery) as well as their treatment record with BAVM patients. 
Their treatment data should be known and compared to standards pub- 
lished and from time to time be reassessed. An incidentally (during screen- 
ing) discovered cortical micro-BAVM in an older patient with hereditary 
hemorrhagic telangiectasia (HHT) disorder does not have the same prog- 
nosis as a large thalamic AVM in a young patient presenting with pro- 
gressive neurological deficit, and therefore their management should be 
different. Yet the former can easily be cured with low morbidity and no 
mortality while the latter can only be partially embolized. The treatment 
strategy should not be based on our capacity of achieving cure but rather 
on the posttherapeutic clinical benefit expected over time and its related 
price in terms of risks. 

We therefore recommend that in addition to gathering clinical infor- 
mation, great care be given to analyzing the imaging studies and in par- 
ticular the angioarchitecture. The angiogram is performed with the aim 
of obtaining a complete study of the vascular system: the supply to the 
AVM, the angioarchitecture of the malformation, its venous drainage, as- 
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Fig. 10.1A-C. Thalamic malformation with an intralesional aneurysm. A Frontal 
view of the right internal carotid artery demonstrates a basal ganglionic malfor- 
mation supplied by the lenticulostriate arteries. Note the intralesional aneurysm 
( arrowhead ) from a prominent lenticulostriate artery ( curved arrows). B Superselec- 
tive catheterization of the lenticulostriate artery ( curved arrows) demonstrating par- 
tial filling of the dysplastic aneurysm ( arrowhead ). C Postembolization angiogram of 
the right internal carotid artery in the frontal projection. The lesional aneurysm does 
not fill 
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Fig. 10.2A-F. Large venous pouch, preoperative embolization. A Lateral view of the 
right internal carotid artery in mid-arterial phase demonstrates a posterior tempo- 
ral vascular malformation draining into a large aneurysmal pouch ( curved arrow) 
B Later phase of the same injection demonstrates the giant aneurysmal sac and the 
venous drainage of the malformation. C Lateral mid-arterial phase and D late venous 
phase after embolization demonstrate almost complete obliteration of the malfor- 
mation, with stagnation in the venous pouch that is partially subtracted from previ- 
ous stagnant contrast material ( curved arrow) and stagnation proximally in the em- 
bolized feeding pedicles of the middle cerebral artery ( small arrows). E, F see p. 699 
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Fig. 10.2 (continued). E Axial 
MRI prior to treatment shows 
the large venous pouch (0) as 
a signal void and the increased 
signal changes anterior to 
the venous dilatation (arrow). 
F MRI after embolization. 

Note the complete thrombosis 
of the venous pouch (0) 




sociated or additional vascular lesions, the status of the collateral circula- 
tion, and the venous drainage of the normal brain. 

The information obtained from the angiographic investigation will 
play a key role in deciding on the need for treatment. The latter will be 
based on the evidence of weakness in the angioarchitecture, which may 
point to a potential instability. This information is then analyzed in con- 
junction with other factors such as the age of the patient and the location 
of the lesion. 

The presence of an associated arterial aneurysm or pseudoaneurysm 
on the feeding pedicle, in the nidus (Fig. 10.1), venous thrombosis, or out- 
flow restriction, venous hyperpressure, venous pouches or dilatations 
(Figs. 10.2, 10.3) will all be factors favoring active intervention. But when 
the risk of total elimination of the malformation (by embolization, micro- 
surgery, or combination of therapies) is prohibitive, then a different man- 
agement strategy will need to be considered such as partial targeted em- 
bolization. 

An important part of the management of incidentally discovered BAVMs 
is educating the patient. It is important to provide him with information 
regarding the natural history, as it may apply to his particular situation, 
as well as the treatment options and associated risks that are known to ex- 
ist in the local treatment environment. If no significant weaknesses are 
demonstrated in the angioarchitecture a treatment strategy of not treat- 
ing the patient at this time can be proposed, while reassuring the patient 
that she is expected to lead a normal productive life without restrictions. 
Yet progression is not linear and biological events may produce unex- 
pected changes that may long remain subclinical. Follow-up is therefore 
crucial in all the patients, including those for whom a decision not to treat 
was chosen. 

Follow-up is usually clinical and with imaging (MRI), but if clinical or 
imaging changes are noted repeat angiography may be indicated. 





700 10 Goals and Objectives in the Management of Brain Arteriovenous Malformations 








Fig. 10.3. MRI (A) demon- 
strates recent intraventricular 
hemorrhage, which on ver- 
tebral angiography lateral view 
(B) proved to be caused by a 
midline choroidal arteriove- 
nous malformation (AVM). The 
immediate (B) and 2-month 
follow-up vertebral angiogram 
lateral view (C) demonstrate 
significant enlargement of a 
venous pouch ( arrows ) project- 
ing into the 3rd ventricle. 
Selective injection of the feed- 
ing pedicle prior to (D) and 
following targeted intra-arteri- 
al embolization with glue (E) 
resulted in complete oblitera- 
tion of the AVM, as shown on 
the follow-up vertebral an- 
giogram in lateral view (F) 



10.2.1 Age 

The younger the patient is at the time of presentation, the more likely 
treatment should be considered. Presentation at an early age reflects an 
early imbalance between the lesion and the host. Newborns presenting 
with congestive heart failure are the most dramatic example of such an 
imbalance. Hydrocephalus may also occur following CSF absorption ab- 
normalities and may result in irreversible developmental delay if en- 
dovascular treatment is not undertaken. Crawford et al. (1986) showed 
that patients older than 60 years of age at presentation were at a higher 
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risk of bleeding, up to 89% by 9 years, compared to a 15% risk in the same 
period for patients aged 20-29. Additionally, in older patients, the out- 
come of bleeding has a very high morbidity and mortality, as the older 
brain has less plasticity to recover. This may influence the management 
strategy toward partial targeted therapy to restore the equilibrium be- 
tween host and AVM. 



10.2.2 Sex 

In the general discussion of the management of BAVMs, the sex of the pa- 
tient does not play a major role, with the exception of females at child- 
bearing age or even younger women in whom symptoms are already pres- 
ent prior to having children. There is some controversy as to the increased 
risk of hemorrhage or other symptoms during pregnancy. It is not infre- 
quent that women with BAVMs have had one or more normal pregnancies 
and deliveries without being aware of the malformation, whereas other 
women present with an acute syndrome related to the malformation for 
the first time during pregnancy. In his series, Crawford found no statisti- 
cal difference in the incidence of affected males versus females; however, 
one in four women between 20 and 29 years of age presented with a hem- 
orrhage while pregnant, compared with the one out of four women in the 
same age group who became pregnant and did not have an AVM. 

Yasargil’s (1987) results suggested that pregnancy had no particular ef- 
fect on the incidence or severity of bleeding from AVMs. In our patients, 
pregnancy did not increase either the risk of hemorrhage or the risk of 
progression of neurological symptoms. If a patient presents during preg- 
nancy with an intracranial hemorrhage this should be managed accord- 
ing to the clinical status of the patient. If imaging showed the cause of the 
hemorrhage to be a BAVM without evidence of associated aneurysms the 
pregnancy is allowed to come to term and vaginal delivery is carried out 
at a high-risk facility. There is no evidence that the rebleed risk is in- 
creased under such circumstances. Subsequently, a treatment strategy can 
be proposed that will allow for safe obliteration of the malformation in 
time (Fig. 10.4) 



10.2.3 Lifestyle and Occupation 

The lifestyle of an individual with a BAVM may play some role in the in- 
dications for treatment or in the selection of the best form of treatment. 

If the symptoms produced by the lesion interfere with the patient’s ac- 
tivity, intervention is favored. Conversely, if the potential deficit that may 
occur following treatment would significantly curtail activity, interven- 
tion may be discouraged. 

For example, in a pilot or professional truck driver harboring a medial 
occipital AVM, any treatment that will likely result in a homonymous 
hemianopsia will not be acceptable. Conversely, the discovery of a lesion 
that has the potential of producing a seizure or a hemorrhage in the same 
individual may force the patient to change his/her occupation. 



702 10 Goals and Objectives in the Management of Brain Arteriovenous Malformations 




Fig. 10.4. CT scan (A) demonstrates intraventricular hemorrhage that was clinically 
well tolerated in 28-year-old woman who was 32 weeks pregnant. MRI (B) and 
carotid angiography in lateral view (C) at that time shows the cause to be a brain ar- 
teriovenous malformation (BAVM). Patient was managed conservatively and deliv- 
ered at term. Two months after uneventful delivery, partial arterial embolization with 
glue was performed (D) and the residual AVM was treated with stereotactic radio- 
surgery 2 months later, resulting in complete obliteration of the AVM, shown on 2-year 
follow-up carotid angiogram lateral view (E) 
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10.2.4 Presenting Symptoms 

The presenting symptoms and the demonstrated angioarchitectural 
changes will play a significant role in the indications and choice of treat- 
ment. 



10.2.4.1 Hemorrhage 

The treatment strategy following presentation with hemorrhage depends 
on how well the hemorrhage is tolerated. When surgical intervention is re- 
quired to remove the intracerebral hematoma it will sometimes allow for 
excision of the malformation to be accomplished at the same time. An- 
giographic follow-up under these circumstances is mandatory, as some 
aspects of the AVM may not have been identified and removed at surgery. 

The great majority of hemorrhages are well tolerated and no immedi- 
ate AVM treatment is usually necessary. While there is some controversy 
regarding the expected rebleed rate the first year after hemorrhagic pres- 
entation (Ondra et al. 1990; Mast et al. 1997), such incidence is generally 
believed to be similar to or just above the natural history risk of 3%-4% 
per year but may vary in different referral centers and be as high as 6% 
(Meisel et al. 2001). 

There is seldom a need for urgent treatment after BAVM hemorrhage 
and a treatment strategy can be planned accordingly. Careful analysis of 
the angioarchitecture is clearly mandatory and if it shows features that are 
highly suspicious of being responsible for the hemorrhage (pre- or in- 
tranidal aneurysm, pseudoaneurysm) this is an indication for early treat- 
ment targeted toward obliteration of the weakness (partial targeted em- 
bolization) (Figs. 9.36, 9.40). 

If exceptionally repeated hemorrhages do occur the angioarchitecture 
of the AVM should again be scrutinized for possible weaknesses (aneurysm, 
etc.), and a targeted embolization or-if not possible or successful-a sur- 
gical removal should be considered (Fig. 9.37). In these circumstances, the 
chance of permanent neurological deficit and death increases with each 
recurrence of the hemorrhage (Graf et al. 1983; Crawford et al. 1986). 

While hemorrhage associated with a BAVM is recognized as undesir- 
able, it should also be noted that its associated morbidity and mortality is 
not the same in every referral center, with moderate and severe disability 
reported as low as 13% (Hartman et al. 1998). 

Although the type of treatment may vary from center to center and de- 
pend on local strengths and capabilities, the overall goal should be the 
same. A standard of care should be provided that will reduce or eliminate 
the patient’s expected natural history risk of morbidity from future hemor- 
rhage. A benefit for the patient will only occur if the risk of morbidity and 
mortality associated with the treatment provided by the managing team is 
less than that associated with the expected natural history of the disease. 

This means that treatment provided cannot be carried out at any cost 
(risk to the patient) and a role for partial treatment (endovascular but not 
surgery or radiotherapy) exists provided that its perceived goal can be 
reached at an acceptably low associated treatment risk. 
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Partial treatment for patients presenting with hemorrhage does not 
improve their expected natural history when treatment included all treat- 
ment modalities (Porter et al. 1998). On the other hand, partial targeted 
embolization did reduce the risk of future hemorrhage Lasjaunias’s series 
(Meisel et al. 2002), and as a general principle we favor a targeted endo- 
vascular approach. 



W. 2.4.2 Seizures 

Seizures occur at presentation in 10%-53% of patients with BAVMs, the 
majority being partial or partial complex seizures. Subsequent seizure 
control with antiepileptic medication is achieved in the great majority of 
patients and rarely does seizure control by itself become an indication for 
intervention. Refractory status epilepticus may be an indication for en- 
dovascular treatment, and such management has been successful in our 
experience in bringing seizure management under control (Fig. 10.5). 

Subclinical hemorrhage in patients presenting with seizures occurs 
and was demonstrated in 6.5% of Yasargil’s surgical AVM patients pre- 
senting with seizures. 

Seizures as the mode of presentation do not appear to influence the 
natural history, according to Ondra (1990), and the long-term disability 
and mortality was similar to all symptomatic patients harboring a BAVM. 

Treatment can therefore be proposed according to the previously out- 
lined principles. The impact on seizure type and frequency of the various 
treatment modalities (embolization, surgery, and radiosurgery) has gen- 
erally been favorable (Fournier et al. 1991b; Piepgras et al. 1993; Kurita et 
al. 2000), and worsening or new onset of seizures after treatment is rare. 



10.2.4.3 Headaches 

Headaches not associated with hemorrhage are a subjective nonspecific 
symptom that is often difficult to assess. While in most cases the exact 
cause of the headache remains unclear, a number of patients with BAVMs 
may have a possible relationship between angioarchitectural features and 



Fig. 10.5A-F Venous hypertension producing grand mal seizure, which, despite ► 
proper levels of anticonvulsants, progressed toward status epilepticus and required 
general anesthesia for control. A Lateral view of the left internal carotid artery 
demonstrates a relatively slow- flow brain arteriovenous malformation. Note filling of 
the vein of Labbe ( curved arrow). B Later arterial phase of the same injection and 
C late venous phase; additional venous drainage superiorly toward the cortical ve- 
nous system ( curved arrowheads), toward the medial and lateral aspect of the tem- 
poral lobe, and toward the cavernous sinus (curved arrow) producing congestion of 
the main venous outflow of the entire hemisphere. D Postembolization angiogram 
demonstrates a small remaining shunt toward the vein of Labbe ( open curved arrow). 

E Late phase shows the remaining drainage but significant reduction in the arterial 
outflow. F Normal venous transit time of the same cortical veins draining primarily 
normal cerebral parenchyma. The patient has been seizure-free 3 years on anticon- 
vulsants 
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Fig. 10.5A-F. Legend see p. 704 
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Fig. 10.6A-J. Progressive neurological deficit in 64-year-old male patient showed 
increasing mass effect and surrounding edema on MRI at presentation (A) and 3- 
month follow-up (B). Carotid angiogram demonstrated on AP view in addition to 
proximal aneurysm to the arteriovenous malformation (AVM), slow flow in markedly 
enlarged venous draining veins (C, D). Carotid angiogram in lateral view prior to (E) 
and 2 months after embolization of the feeding pedicle harboring the aneurysm 
showed partial obliteration of the AVM (F). G-J see p. 707 
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Fig. 10.6 ( continued ). Reversal of the neurological deficit occurred over a 12-month 
period and MRI showed diminishing edema pattern at 4 months (G) and 1 year (H). 
Complete thrombosis of the AVM was demonstrated on 1-year follow-up carotid an- 
giogram on lateral views (I, J). Neurological deficit cleared completely 



their headaches. Dural as well as posterior cerebral artery supply to a 
BAVM is known to be potentially responsible for headaches, which tend to 
disappear after embolization therapy, in our experience. Conversely, em- 
bolization of middle and anterior cerebral artery supply to a parietal lobe 
AVM may worsen the headaches if the posterior cerebral artery supply is 
increased following such embolization. 

Although headaches by themselves are not an indication for treatment 
in patients with BAVMs, partial targeted embolization has its place when 
headaches are disabling and significant dural and/or posterior cerebral 
artery supply to the AVM is demonstrated. 






708 10 Goals and Objectives in the Management of Brain Arteriovenous Malformations 



10.2.4.4 Neurological Deficits 

Neurological deficit at presentation and not associated with hemorrhage 
is a somewhat infrequent BAVM presentation, occurring in only 8% of pa- 
tients over a 10-year period (Crawford et al. 1986). In 1,289 consecutive 
BAVM patients, Hofmeister et al. (2000) identified 7% presenting with a 
stable and 5% presenting with a progressive neurological deficit. Al- 
though arterial steal and mass effect have been implemented as possible 
causes for these deficits (Carter and Gumerlock 1995; Miyasaka et al. 
1997), it is our opinion that venous congestion and venous ischemia are 
more likely to be responsible for these symptoms. The development of 
perilesional edema and partial thrombosis in the draining veins from the 
AVM, as shown on MRI, may confirm that the venous drainage patterns of 
the adjacent brain are involved. In our experience, these changes have 
been reversible in lobar AVMs presenting with progressive neurological 
deficit when treated with partial embolization (Fig. 10.6, pp. 706, 707). 

Similarly, partial embolization of thalamic and basal ganglia AVMs has 
resulted in stabilization in 27% or reversal of the progressive neurological 
deficits in 64% of our patients treated for that reason (Al-Yamany et al. 
2000 ). 



10.2.5 Location, Size, and Deep Venous Drainage 

Location of a malformation, size, and deep venous drainage are the most 
important factors in determining the risks of surgical therapy (Spetzler 
and Martin 1986). These features are of only minor concern for the en- 
dovascular approach to BAVMs, as the need for meticulous technique and 
sparing of all normal noncontributing arteries is essential, regardless of 
the location of the malformation. We concur with Yasargil’s belief that any 
normal parenchyma has some function; therefore, the endovascular ap- 
proach is for the most part the same whether the location involves inelo- 
quent cortex or a lesion is located in the motor, speech, or an other elo- 
quent area of the brain. Technically, morbidity associated with emboliza- 
tion is related to the capacity to reach the lesion and to remain strictly 
within the AVM nidus; therefore lesions located in the brainstem, thala- 
mus, or basal ganglia, although obviously more risky to treat, can be oblit- 
erated by careful embolization (Fig. 10.7). 



10.2.6 Brain Arteriovenous Malformations and Arterial Aneurysms 

As was discussed in Chap. 9 of this volume, aneurysms associated with 
AVMs can be flow related (on the way to the AVM), intranidal, or remote 
and apparently unrelated. Their presence is an individual host response to 
the AVM, indicating a weakness in the vascular system. This weakness is a 
marker for future hemorrhage and worsens that natural history risk from 
3% to 7% (Brown et al. 1988). 

Remote, non-flow- related aneurysms may occur in patients with BAVMs, 
but their presence may not alter the natural history of these patients. How- 
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Fig. 10.7 A-C. Basal ganglia vas- 
cular malformation. A Frontal 
subtraction angiogram of the 
left internal carotid artery 
demonstrates a basal ganglia 
malformation supplied by 
lenticulostriate arteries ( curved 
arrows ) and transinsular sup- 
ply from the middle cerebral 
artery (arrow). B Frontal plain 
radiogram shows the radio- 
paque cast of the malformation 
after embolization. C Frontal 
subtraction angiograms after 
embolization, in mid-arterial 
phase, show complete oblitera- 
tion of the malformation 





ever, the presence of flow- related and in particular intranidal aneurysms 
are markers for hemorrhagic presentation (Redekop et al. 1998), and this 
once again indicates a weakened vascular system (Meisel et al. 2000). 

In the presence of subarachnoid hemorrhage (SAH), it is often exceed- 
ingly difficult to know whether the AVM itself has bled or stems from a 
proximal flow-related arterial aneurysm (AA). With few exceptions, it is 
most often the AVM itself (± intranidal aneurysms) or an AA adjacent to 
the AVM that has caused the SAH. 
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Fig. 10.8. A 47-year-old female patient presented with grade III subarachnoid hem- 
orrhage (SAH), shown on CT (A) and at left internal carotid angiogram, lateral view 
(B) to be caused by a posterior communicating aneurysm (arrow) associated with a 
left inferior frontal lobe arteriovenous malformation. The aneurysm was perceived 
to be responsible for the SAH, and endovascular coiling was performed in the acute 
phase. Angiography prior to (C) and immediately after coiling (D) showed oblitera- 
tion of the symptomatic aneurysm (arrows). E, F see p. 71 1 
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Fig. 10.8 ( continued ). Several days later, symptomatic vasospasm of the supraclinoid 
internal carotid artery and the Ml segment of the middle cerebral artery occurred, 
as shown on the left internal carotid angiogram in frontal projection (E), and bal- 
loon angioplasty of these vessels was performed (F), resulting in lasting clinical im- 
provement 



Patients presenting with SAH and or intracranial hemorrhage (ICH) 
and in whom angiography demonstrates the presence of a BAVM with an 
associated AA, should have their treatment directed toward the lesion that 
is suspected as symptomatic (Fig. 10.8). Most of the time, this will mean 
that treatment will be directed toward the AVM (+ adjacent and intranidal 
AA) (Figs. 10.9, 10.10). Special attention should be given to enlarging 
pseudoaneurysms, as they often produce an unstable situation. 

In our experience, it has been rare to have to treat a proximal AA as 
symptomatic and responsible for the hemorrhage (SAH or ICH) in pa- 
tients with BAVM. 

We have also not seen rupture of a proximal flow-related aneurysm 
during or following endovascular treatment of the AVM when the AVM 
distal to the AA was targeted. Regression of the proximal flow-related 
aneurysm may occur following complete or more than 50% obliteration 
of the AVM by endovascular means and is more likely to occur the closer 
the AA is to the nidus of the AVM (Redekop et al. 1998; Meisel et al. 2000) 
(Figs. 10.11,10.12). 

If no regression of the associated AA occurs on follow-up angiography 
in 6-12 months active treatment of the AA should be considered. As its 
natural history (when the AVM is not treated) is not well known, the treat- 
ment-associated morbidity will therefore need to be low (similar to the 
management of incidentally discovered AA). 
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Fig. 10.9. Grade II subarachnoid hemorrhage shown on MRI (A) and at selective 
superior cerebellar artery angiogram in lateral view (B, C) caused by small arteri- 
ovenous malformation (AVM) with associated intranidal (pseudo)aneurysm (arrow). 
Embolization with glue was performed in the acute phase to obliterate both the 
aneurysm and the AVM. This objective was achieved and confirmed on the immedi- 
ate postembolization vertebral angiogram in lateral view (D) 



Fig. 10.10A-D. A 67-year-old male patient originally presenting with a grand mal ► 
seizure. A Frontal view of the right common carotid artery injection at the time of the 
original seizure demonstrates an arteriovenous malformation on the parietal region 
supplied by the middle cerebral artery. B Six months later, the patient has an intrac- 
erebral hemorrhage. At this time, angiography examination demonstrates an intrale- 
sional aneurysm (arrowhead) not present before. C, D Postembolization follow-up 
angiogram of the right common carotid artery demonstrates remaining malforma- 
tion but no filling of the intralesional aneurysm (curved open arrow). The remaining 
malformation was treated with radiosurgery 
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Fig. 10.10A-D. Legend see p. 712 
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Fig. 10.1 1A-D. Flow-related aneurysm. A Lateral view of the left vertebral artery 
shows a flow-related basilar aneurysm (arrow). Note the dysplastic appearance of 
this aneurysm. The aneurysm is proximal to a high-flow occipital malformation. 
B Immediate postembolization angiogram of the left vertebral artery in lateral view. 
There is a significant decrease in the supply to the malformation and a slightly de- 
creased filling of the aneurysm. Note the compensatory filling of the posterior com- 
municating artery ( curved arrow). C Lateral view of the same injection in late venous 
phase. Note the fluid level stagnation at the dome of the aneurysm ( white arrow). 
D Three-month follow-up angiogram demonstrates partial thrombosis of the upper 
dome of the aneurysm (arrow). Note also the development of collateral circulation of 
the nonsprouting type in the occipital region (long arrow ) 
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Fig. 10.12A-C. Flow-related 
aneurysm. A Frontal subtrac- 
tion angiogram of the left 
vertebral artery supplying a 
temporal arteriovenous malfor- 
mation (AVM) also fills a large 
aneurysm at the posterior 
communicating level ( curved 
arrow). B Immediate post- 
embolization follow-up study 
shows stagnation in the aneu- 
rysm and no filling of the AVM. 
C At 3-month follow-up, no 
filling of the aneurysm. The 
distal posterior cerebral artery 
is filled by the carotid circu- 
lation, without filling of the 
aneurysm (not shown) 




10.3 Therapeutic Management Strategy 

The decision to treat can be made by a single individual who is competent 
in managing patients with BAVMs. Whether that decision is the right 
choice for the patient depends on a multitude of factors, often determined 
and limited because of local circumstances. The formation of multidisci- 
plinary teams with a special interest in neurovascular diseases with rep- 
resentation of interventional neuroradiology, vascular neurosurgery, and 
stereotactic neurosurgery has been encouraged (Gentili et al. 1992; Deruty 
et al. 1990). Such a team would offer the patient a balanced approach to the 
management of their AVM, presuming that all members of the team were 
equally capable. Data collection, quality control, and follow-up would be 
facilitated as well as research and teaching in neurovascular diseases. 
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The results of treatment using various treatment modalities may differ 
because of different referral patterns or the unique strengths and weak- 
nesses in individual centers, and therefore reported results may not be ap- 
plicable to a given local center. The same applies to the reported treat- 
ment-associated morbidity and mortality, which, although nonhomoge- 
neous in the literature, will give a reasonable indication to the local center 
of the standard of practice around the world. 

As a basic rule, a patient should be treated if an improvement over the 
expected natural history (relevant to that patient because of clinical 
symptoms, age, angioarchitecture, etc.) will result. Therefore, treatment- 
associated risk pertinent to the local team will be a significant factor to be 
considered in the management discussions, as will as the patient’s accept- 
ance of these up-front treatment-related risks. 

In such circumstances, a complete cure may neither be desirable (un- 
known benefit vs. risk taken) nor necessary (partial treatment may re- 
store the AVM-host equilibrium). 

Currently, five major methods of management exist in the treatment of 
BAVM patients: medical, embolization, surgery, stereotactic radiosurgery, 
and combined therapies. Each method can be used alone or in combina- 
tion with the other modalities. 

Combination treatments may facilitate obliteration of an AVM that 
might not have been curable by a single modality but of course at an in- 
creased risk to the patient (combined risk of several treatments). 

It is therefore imperative that the goal of the treatment be established 
and the potential benefit and risk of the treatment modalities (alone or 
combined) be understood by both the physician and the patient. 

As this text focuses on endovascular therapies, we will not discuss the 
indications and results of surgery or radiation therapy in detail but rather 
highlight the role of embolization in the management strategy of BAVM 
patients. 



10.4 Embolization 

Embolization can be carried out as a unique treatment, the intended goal 
being partial and targeted, palliative, curative, or in combination with sur- 
gery or stereotactic radiosurgery. It may be given as elective treatment or 
in emergent fashion, depending on the indication and circumstances. 



10.4.1 Partial (Targeted) Embolization 

The rationale for partial embolization is derived from the concept that the 
patient (host) will be asymptomatic as long as there is equilibrium be- 
tween the host and the AVM. Treatment should be carried out once the pa- 
tient becomes symptomatic to reestablish this equilibrium. To accomplish 
this goal, curative treatment may not be necessary and partial targeted 
embolization may be sufficient. 

The possible relationship between clinical symptoms and angioarchi- 
tecture has been described in previous chapters. Accurate assessment of 
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Fig. 10.13A-D. Sequence of staged embolization. A Axial CT scan demonstrates an 
intraparenchymal hemorrhage ( h ) with ventricular extension. B Frontal and C later- 
al views of the left vertebral artery injection demonstrate a small arterial aneurysm 
( arrowhead ) from a posterior choroidal artery, corresponding to the location of the 
hemorrhage. There is a distal malformation in the parietal area with cortical venous 
drainage ( curved arrow). D Follow-up angiogram of the left vertebral artery 2 days 
after middle cerebral artery embolization (arrow) shows the aneurysm to have in- 
creased in size (arrowhead), with increased flow toward the malformation. The pos- 
terior cerebral artery at the level of the choroidal artery was closed at that time. The 
initial embolization of the pedicle that did not harbor the aneurysm diverted the flow 
toward the aneurysm, increasing its size and the risk for rebleed 
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Fig. 10.14A-F. Legend see p. 719 
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◄ Fig. 10.14A-H. Posterior fossa malformation in a patient presenting with headaches 
and ventricular dilatation. A Frontal and B lateral angiograms of the left vertebral ar- 
tery in mid-arterial phase demonstrate an extensive cerebellar vascular malforma- 
tion draining to the precentral cerebellar vein and toward the vein of Galen ( small 
curved arrow) and straight sinus, with reflux into the superior sagittal sinus ( large 
curved arrows) and downward toward the jugular vein (arrow). C Frontal and D lat- 
eral plain radiograms after partial embolization demonstrate the radiopaque cast. 
E Frontal and F lateral digital subtraction angiography in mid-arterial phase after 
embolization demonstrates significant reduction in the amount of malformation, 
with the remaining supply coming from the marginal branch of the superior 
cerebellar artery ( arrowhead , F) and preservation of the normal posterior inferior 
cerebellar and superior cerebellar arteries, with significant relief of the venous 
hypertension. G. Axial MRI, T2-weighted, prior to treatment. Note the ventricular 
dilatation. H After the partial embolization, there was a decrease in the size of the 
ventricular system and relief of the headaches 



these findings is important, as incorrect interpretation may lead to em- 
bolization of the wrong part of the AVM, destabilizing the equilibrium 
further, making the patient more symptomatic and even increasing the 
risk of future hemorrhage (Fig. 10.13). 

Partial, targeted, endovascular treatment, when carried out with a com- 
plete understanding of the clinical-angioarchitecture relationships, will 
result in improved natural history (Meisel et al. 2002) (Fig. 10.14). 

Once partial treatment has been given, both clinical and imaging fol- 
low-up will need to be carried out to verify the achieved result. 

If the indications for partial treatment were the elimination of an- 
gioarchitectural changes noted following a recent hemorrhage follow-up 
angiography should be done within days of the embolization procedure, 
if there was a concern that the goal was in fact not achieved or an unsta- 
ble situation was created during the treatment. If the goal of the partial 
treatment was achieved follow-up angiography should be carried out in 
2-3 months as needed. 

This management strategy should be clearly defined by the team and 
discussed with the patient before beginning treatment, as it will facilitate 
compliance and follow-up. It will also allow the follow-up strategy to be 
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modified if clinical or imaging data that require a change in the treatment 
strategy become available. 



10.4.2 Partial (Palliative) Embolization 

Partial embolization can be performed for patients whose clinical follow- 
up examination demonstrates objective evidence of progressive neuro- 
logical deficit and whose BAVM cannot be cured by current technology. 
The majority of these AVMs are large in size and in deep locations ( Al Ya- 
many et al. 2000). Certain lobar locations have shown perilesional edema 
that may center on the venous outflow channels, suggesting venous con- 
gestion or even occlusion as the possible mechanism for the progressive 
neurological deficits in these patients. As we are currently unable to target 
the venous component of the angioarchitecture directly, we tend to focus 
embolizations on occlusion of the largest shunts within the nidus, there- 
by decreasing the venous hyperpressure (Fig. 10.15). Stabilization or re- 
versal of the neurological deficit may occur even after limited partial 
treatment and postembolization clinical monitoring to verify objectively 
the clinical status of the patient (Al Yamany et al. 2000). Clinical and MRI 
assessments at 3- to 6-month intervals are appropriate to confirm that the 
goal has been achieved or to assess whether additional partial treatment 
should be recommended. 



10.4.3 Curative Embolization 

Curative embolization refers to complete anatomical obliteration of the 
malformation by the endovascular route. If embolization is to be curative, 
a permanent nonbiodegradable agent must be used to form a cast of the 
pathological angioarchitecture. We believe that there is no place for par- 
ticulate or reabsorbable agents in this instance, with the possible excep- 
tion of direct brain arteriovenous fistulae, in which one or more detach- 
able balloons or coils may accomplish a cure (Vinuela et al. 1982; Halbach 
et al. 1989a; Berenstein et al. 1990). 

Cure by the endovascular route, as demonstrated by the immediate 
postembolization angiogram, must be confirmed by a follow-up at least 
6 months later, preferably 1 or 2 years later, to confirm the stability of the 
result (Fig. 10.16). Immediate postembolization studies are not sufficient, 
as small remnants may not be apparent immediately, or the mixture of 
embolic material (even if radiopaque) with nonopaque autologous blood 
may recanalize at a later time (Fournier et al. 1990; Gruber et al. 1996). Of 
importance is the potential recruitment of arterial collaterals, probably 
via a mechanism of nonsprouting angiogenesis, because the embolization 
achieved proximal occlusion of the feeding vessels without sufficient pen- 
etration toward the nidal-venous junction. Delayed thrombosis may still 
occur in these circumstances but needs to be confirmed on long-term an- 
giographic follow-up. Once the venous outlets of the AVM have throm- 
bosed, no new veins can be recruited and a cure will have been achieved 
(Figs. 10.17, 10.18). 
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Fig. 10.15. Coronal MRI (A) shows large basal ganglia and thalamic arteriovenous 
malformation (AVM) in a 22-year-old female patient presenting with motor and 
sensory neurological deficit that had continued to worsen over several years. Carotid 
angiogram in AP view (B) and vertebral angiogram in lateral view prior to em- 
bolization (C) and immediately after partial embolization with glue (D) demonstrate 
a residual AVM. The clinical progression stabilized over the next few weeks, and 
improvement with partial recovery of neurological function occurred over the sub- 
sequent months 
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Fig. 10.16. Carotid angiogram in lateral view (A) prior to embolization with glue of 
a small temporal lobe arteriovenous malformation and 2-year follow-up carotid an- 
giogram in lateral view (B) demonstrating long-term stability of the achieved endo- 
vascular obliteration 



In general, if embolization results in complete obliteration of the mal- 
formation, with no residual opacification of the malformation, no arteri- 
ovenous shunting, and without stasis in the nidus, recanalization does not 
occur (Fig. 10.19). 

Complete obliteration of BAVMs by embolization alone has been re- 
ported to be possible in 10%-40% of AVMs (Fournier et al. 1991b; 
Wikholm 1995; Valavanis et al. 1998; Willinsky et al. 2001). Valavanis et al. 
(1998) noted that in addition to the small size and limited number of 
arterial feeders, certain topographical locations (sulcal, deep extrinsic) 
favored complete obliteration outcome with embolization alone. On the 
other hand, there is currently limited data regarding the ability to achieve 
a complete cure when the up-front goal of the treatment is to achieve com- 
plete obliteration by embolization alone, but in such circumstances, the 
obliteration rate maybe as high as 70% (Willinsky et al. 2001). 

The results of embolization of small BAVMs (<3 cm) compared favor- 
ably to surgery or stereotactic radiosurgery with respect to procedure-re- 
lated morbidity and mortality (Willinsky et al. 2001; Schaller and 
Schramm 1997; Pollock et al. 1996) (Fig. 10.20). However, similar to sur- 
gical resection, complete obliteration with embolization provides imme- 
diate protection for future hemorrhage, which is not the case for radio- 
surgery. 

We recommend that before starting the treatment, the role and goal of 
the embolization therapy be identified and records be kept by the local 
treatment team as part of the overall quality-control management so that 
these can be compared with reference standards of care in the literature. 
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Fig. 10.17. Carotid angiogram in lateral view (A) of a 20-year-old female patient 
presenting with a seizure. The carotid angiogram in lateral view immediately follow- 
ing embolization with glue of the parietal lobe multiple fistula arteriovenous mal- 
formation (AVM) demonstrates residual flow through the AVM (B). Two-year follow- 
up carotid angiogram in lateral view, arterial phase (C), and venous phase (D) 
demonstrates subsequent complete thrombosis of the AVM and long-term stability 
of the embolization 
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Fig. 10.18A-F. Legend see p. 725 
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Fig. 10.19. Vertebral angiogram in AP view prior to (A) and 10 years following 
transarterial embolization with glue of bilateral occipital lobe arteriovenous fistulae 
(B) demonstrates long-term stability after embolization 



◄ Fig. 10.18. Carotid angiogram in lateral view arterial (A) and venous phase (B) of a 
34-year-old female patient presenting with complex seizure disorder prior to em- 
bolization with glue. Immediate postembolization carotid angiogram in lateral view 
early arterial phase (C) and late arterial phase (D) shows partial obliteration of pos- 
terior temporal lobe arteriovenous malformation (AVM). Subsequently, the seizure 
disorder became easily manageable and 2-year follow-up carotid angiogram in lat- 
eral view arterial phase (E) and venous phase (F) demonstrates subsequent complete 
thrombosis of the AVM with long-term stability after embolization. Note the remod- 
eling of the arterial and venous vascular system 
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Fig. 10.20. CT scan (A) obtained 1 week after sudden onset of neurological deficit in 
18-year-old female patient showed recent intracranial hemorrhage with surrounding 
edema. Surgical removal of microarteriovenous malformation (micro-AVM, arrows) 
involving the left insular cortex as shown on carotid angiogram in lateral view (B) 
and AP view (C) was attempted but unsuccessful and associated with worsening neu- 
rological deficit. While referred for radiosurgery, embolization was offered to achieve 
more immediate protection. D-H see p. 727 
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Fig. 10.20 ( continued ). Selective middle cerebral artery angiogram in AP view (D) 
and superselective injection of the feeding pedicle toward the nidus ( short arrow) 
and draining vein ( long arrow) in AP view (E); glue cast of the nidus and draining 
vein (F) following uneventful embolization of the micro-AVM, which resulted in im- 
mediate complete obliteration of the AVM, as shown on the carotid injection in AP 
view arterial phase (G) and venous phase (H) 
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10.4.4 Preoperative Embolization 

Presurgical embolization of BAVM is a well-accepted and frequent appli- 
cation of endovascular therapy. Its role has become firmly established 
over the past 20 years (Vinuela et al. 1991; Jafar et al. 1993; Wallace et 
al. 1995). 

The goal of therapy in these circumstances is to facilitate surgical re- 
moval of the AVM. The specific goals of such embolization should there- 
fore be discussed with the vascular neurosurgeon to provide the best pos- 
sible benefit at surgery at the lowest combined (endovascular + surgery) 
risk for treatment-associated complications to the patient. 

The embolization goals in these circumstances are often elimination of 
deep feeding arterial supply, occlusion of intranidal arteriovenous fistu- 
lae, and overall size and flow reduction through the nidus (Fig. 10.21). 

A variety of materials have been used for the purpose of presurgical 
embolization, starting in the early 1960s with silicone spheres (Luessen- 
hop et al. 1962; Kricheff et al. 1972; Wolpert et al. 1975; Hilal and Michael- 




Fig. 10.21A-F. Presurgical embolization. Carotid angiogram in lateral (A) and frontal 
view (B) prior to embolization demonstrates right-sided frontal-parietal arteriove- 
nous malformation (AVM). Presurgical embolization with glue of the anterior cere- 
bral artery supply to the AVM was performed; follow-up carotid angiogram in lateral 
view (C) and frontal view (D) demonstrates partial obliteration of the nidus. Surgical 
resection was facilitated and confirmed on postoperative carotid angiogram in later- 
al view (E) and frontal view (F) 
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son 1975). Subsequently, silk or polyethylene threads (Benati 1987) were 
used, as well as polyvinyl alcohol (PVA) particles (Latchaw and Gold 
1979). Liquid tissue adhesives such as isobutyl-cyanoacrylate (IBCA) and 
subsequently N-butyl-cyanoacrylate (NBCA) have been used since 1980 
(Cromwell and Kerber 1980; Cromwell and Harris 1980). Both PVA and 
NBCA have been used extensively for the purpose of presurgical em- 
bolization in various centers around the world, and their safety and effi- 
ciency have been established (Vinuela et al. 1991; Jafar et al. 1993; Wallace 
et al. 1995; DeMeritt et al. 1995; Jordan et al. 1996). When clinical outcomes 
were assessed and complications related to embolization and surgery 
were combined, the use of NBCA was felt to be clearly better than that of 
PVA for the purpose of presurgical embolization (Wallace et al. 1995). Sur- 
gical removal of the AVM is not significantly impeded by the use of NBCA 
(Jafar et al. 1993), although mobilization of the AVM at the time of resec- 
tion can be somewhat more difficult. 

In order for local and regional hemodynamic changes to stabilize 
and to take full advantage of progressive thrombosis that may occur fol- 
lowing presurgical embolization, we recommend that surgery take place 
1-3 weeks after embolization. 

In our experience, the risk associated with presurgical embolization us- 
ing NBCA is exceptionally low, with less then 1% procedure-related mor- 
bidity and no mortality. 



10.4.5 Intraoperative Embolization Therapy 

Following the initial experience reported by Drake et al. (1979), certain 
modifications were proposed by Cromwell and Harris (1980) and Spetzler 
et al. (1987). However, with the improvement of percutaneous endovascu- 
lar catheter technology, the role of intraoperative embolization of BAVM 
has been almost eliminated and it is nowadays rarely needed. 



10.4.6 Embolization Prior to Radiosurgery 

The purpose of embolization prior to stereotactic radiosurgery can be 
twofold: overall size reduction and targeted embolization toward specific 
angioarchitectural abnormalities. 



7 0.4.6. 7 Size Reduction 

Embolization can be used to decrease the size of the malformation to a 
volume, which can then be radiated, with a reasonable chance of accom- 
plishing a cure (Fig. 10.22) (Gobin et al. 1996). The size of the AVM and the 
dose given, in particular to the margins of the AVM, are the most impor- 
tant indicators for success of stereotactic radiosurgery, irrespective of the 
type of device used (Bragg peak proton beam, gamma knife or linear 
accelerator), as reported by Steinberg et al. (1990), Karlsson et al. (1997), 
Pollock et al. (1998), and Schlienger et al. (2000). 



730 10 Goals and Objectives in the Management of Brain Arteriovenous Malformations 




Fig. 10.22A-D. Embolization prior to radiosurgery. A MRI, Tl-weighted in sagittal 
projection, demonstrates parietal arteriovenous malformation (AVM) too large for 
efficient radiosurgery. Carotid angiogram in lateral projection prior to (B) and 
2 months after partial embolization with glue (C) demonstrates nidus size reduction. 
Stereotactic radiosurgery was performed and 2-year follow-up carotid angiogram in 
lateral view (D) demonstrates complete obliteration of the AVM 



Unfortunately, size reduction of large-volume AVMs is not always pos- 
sible and is more difficult to achieve when arterial supply is derived from 
multiple territories (anterior, middle, and posterior cerebral artery sup- 
ply) and in certain locations with rich potential for collateral supply 
(occipital lobe). In such circumstances, intranidal deposition of embolic 
material is mandatory to avoid the induction of collateral supply. Al- 
though limited data is available on the success rate of embolization for 
size reduction (Gobin et al. 1996), it is often the only method available that 
can reduce the size of the AVM to bring it within reach of radiosurgery 
(Fig. 10.23). On the other hand, although intended to be done prior to ra- 
diosurgery, embolization resulted by itself in obliteration of the AVM in 
about 10% of patients, obviating the need for radiosurgery. 
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Fig. 10.23A, B. A 23-year-old 
female patient presented with 
history of seizures. Carotid an- 
giogram AP view (A) shows 
evidence of large cortical-ven- 
tricular arteriovenous mal- 
formation (AVM), which was 
treated with partial targeted 
embolization toward deep ex- 
tension of the AVM (arrows) 
with glue, as shown on post- 
embolization angiogram (B), 
facilitating size reduction for 
subsequent radiosurgery 




1 0.4.6.2 Targeted Embolization Prior to Stereotactic Radiosurgery 

Embolization can be performed prior to radiation therapy in patients 
with demonstrated angioarchitectural changes that might be responsible 
for previous clinical symptoms or might be markers for possible future 
hemorrhagic events (aneurysm, etc.). This can be done irrespective of the 
size of the AVM; we have experienced a slight decrease in the hemorrhag- 
ic event rate on follow-up of patients who had undergone embolization 
prior to radiosurgery as compared to the group with radiosurgery alone, 
irrespective of the mode of initial presentation. 

When planning the embolization prior to radiosurgery either to reduce 
the size or to eliminate angioarchitectural weaknesses, it is imperative 
that a permanent embolic agent such as NBCA be used. There is no role 
for embolization with particulate matter (PVA) or coils in preparation for 
radiosurgery, as it will not lead to permanent obliteration of the nidus. 
Similarly, feeder occlusions inadvertently performed with NBCA may also 
lead to induction of collateral supply and destabilization of the lesion 
(Fournier et al. 1990; Gruber et al. 1996). 

We recommend at least a 2-month waiting period between the em- 
bolization procedure and stereotactic radiosurgery and angiography con- 
firmation of the stability of the embolization results achieved. 

As the embolization prior to stereotactic radiosurgery must result in 
permanent obliteration of the targeted component of the AVM, its com- 
plication rate will be similar to that of embolization as a sole treatment. 
The dual modality cumulative risk to the patient (embolization + radia- 
tion) versus the benefit must therefore be taken into account. 
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10.4.7 Staging of Embolization 

Embolizations are usually staged in large malformations, or a small feed- 
er is allowed to enlarge in order to facilitate future catheterization. There 
is no apparent increased risk in leaving part of a malformation patent, 
even if a large or high-flow portion is occluded. Therefore staging in large 
malformations maybe advantageous from a technical and hemodynamic 
viewpoint. 

Staging is of utmost importance and value in the very young patient 
with a delicate cardiovascular state, in whom careful monitoring of fluids 
and contrast material is imperative (see Vol. 3). 

Staging is also advisable in patients in whom a deficit or other compli- 
cations occur. The embolization is then resumed when the deficit has 
cleared. There is no need for staging if none of the above circumstances 
exist and if the lesion can be completely obliterated in one session. 



10.4.8 Emergency Embolization 

There are few indications for emergency embolization in adults. Urgent 
need for embolization may arise when the angiographic study at the time 
of presentation demonstrates the presence of an arterial (or intranidal) 
pseudoaneurysm or an enlarging aneurysm on one of the feeding arter- 
ies, demonstrated on a previous examination (Fig. 9.36). Embolization 
should probably also be done early if a venous pseudoaneurysm is shown 
at the time of hemorrhagic presentation. The natural history of pseudo- 
aneurysm is not fully known (Garcia-Monaco et al. 1993), but in our opin- 
ion they are a significant feature of instability that warrants active inter- 
vention. 

Other instances requiring emergency intervention relate to preopera- 
tive embolization in the presence of an acute hematoma in a sick patient 
in whom embolization may permit evacuation of the clot without the risk 
of rebleed from the AVM at the time of surgery. However, surgical evacu- 
ation of the clot remains the priority and only if expeditious embolization 
can be done will it be warranted. In general, early rebleeding is such an ex- 
ceptional situation that it rarely warrants early endovascular interven- 
tion. Recovery from the hemorrhagic insult may, in fact, be compromised 
by aggressive, early, endovascular intervention. 



10.4.9 Contraindications for Endovascular Treatment 

In general, the contraindication for endovascular treatment of a BAVM is 
the absence of an indication for treatment. More specific contraindica- 
tions pertain to cases in which the goal of treatment cannot be achieved: 
no cure in an asymptomatic patient or the inability to catheterize the 
pedicle harboring an arterial aneurysm. 

When there is a technical failure, either to reach the desired pedicle or 
to achieve distal catheterization, it may be prudent to stop and make a sec- 
ond attempt later, when that goal can often be achieved. 
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Fig. 10.24A-C. Ill-defined vas- 
cular malformation without 
distinctive weakness in the an- 
gioarchitecture. There are no 
good pedicles for embolization, 
and the amount of collateral 
circulation versus nidus is diffi- 
cult to distinguish. A Frontal 
and B lateral subtraction an- 
giograms of the left internal 
carotid artery and C lateral 
view of the left vertebral artery. 
Note the amount of vascular- 
ization, which is difficult to dis- 
tinguish from true malforma- 
tion. There is relatively slow 
filling of the venous part of the 
malformation. This case re- 
flects a technical limitation of 
embolization 





With present technology, treatment is possible in the great majority of 
patients. Current limitations for treatment still include ill-defined vascu- 
lature where it may be impossible to distinguish between malformation 
and nonsprouting angiogenesis or collateral formation (Fig. 10.24). Ana- 
tomical limits may prevent adequate treatment of certain portions of a 
malformation (Fig. 10.25). 
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Fig. 10.25A, B. Anatomical limitation. A Lateral digital subtraction angiogram of the 
right internal carotid artery after embolization of a midline malformation. The per- 
icallosal supply has been embolized and is subtracted ( arrowheads ). Note remaining 
malformation supplied by a small pericallosal branch ( curved arrow). B Superselec- 
tive injection of the anterior cerebral artery. Note the anatomical limitation for em- 
bolization. There is a normal branch to the singular gyri (small arrow). There is sup- 
ply to the malformation in vessels en passage ( arrowheads ) and supply to normal 
brain distally ( open curved arrow). Embolization of this pedicle would result in oc- 
clusion of normal cerebral arteries 



10.4.10 Embolization Results 

Our results of embolization of BAVMs have been previously published 
(Fournier et al. 1991b; Jafar et al. 1993; Al-Yamany et al. 2000; Willinsky et 
al. 2001; Meisel et al. 2002) and now reflect a combined experience of over 
2,500 adult patients embolized. Our results of embolization of BAVMs 
have proven to be stable over time. The authors have exclusively used glue 
as the primary embolic material of choice, with results thus based on a 
standardized experience extending now over more than 17 years. 

Our ability to reach the nidus of a given AVM and inject the acrylic ma- 
terial safely has obviously benefited from improved delivery systems that 
have become available over time, also facilitating the so-called intranidal 
deposition of the embolic material. 

The specific goal of the embolization will be different in each patient 
and should always be related to providing the patient with a benefit at a 
risk which should outweigh the natural history. 

Our experience has shown that the ability to reach the predetermined 
goal is predictable, confirmed by our results. The ability to obliterate a 
BAVM is clearly angioarchitecture-dependent and will be as high as 100% 
in the fistulous types. The authors’ recommended strategy in the manage- 
ment of BAVM patients is not necessarily an obliterated AVM (although 
desirable) but rather a stable patient functioning at optimal level. 
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During this risk management process, it becomes obvious that the 
complications related to endovascular treatment (and similarly for sur- 
gery and radiation therapy) will have to be within a certain range in order 
to provide a positive risk-benefit ratio to the patient. 

Our combined experience (>2,500 patients with BAVM embolized) has 
shown that procedure-related nonpermanent neurological deficit was be- 
low 6%, permanent neurological deficit occurred in less then 2.5%, and 
mortality was below 1.5%. 

These numbers pertain to our overall experience, i.e., all embolizations 
performed. The complications associated with embolization of certain 
subgroups of patients (presurgical BAVMs and small BAVMs) approach 
levels compatible with the risk of diagnostic angiography. 

This indicates once again that each BAVM patient should be managed 
according to a number of guiding principles: the anticipated natural his- 
tory, the anticipated positive impact of treatment, and the established 
treatment record of the physicians involved. Only when the ratio is posi- 
tive can we expect the patient to accept our treatment recommendation. 
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11.1 Parachordal Arteriovenous Fistulae 
(Extracranial, Vertebro-Vertebral, Paraspinal, Extradural 
and Extraspinal Arteriovenous Fistulae) 

11.1.1 General Remarks 

Because of the role of the neural crest and the mesoderm in the develop- 
ment of the segmental vascularization, extracranial branchial and para- 
spinal arteriovenous fistulae (AVFs) are similar in nature. Although they 
are located in different anatomical areas, the fistulae are fed by arteries 
supplying the craniocervical junction (the maxillary, the ascending pha- 
ryngeal artery, the occipital artery and the thyro- and costocervical arter- 
ies). The internal carotid artery (ICA) in its first cervical segment can also 
be included in this group, as it corresponds to the third aortic arch. The 
vertebral arteries are intersegmental channels that bridge and link three 
to eight cervical segmental arteries (Vol. 1). The arteriovenous shunts 
( AVSs) supplied by the vertebral arteries should also be considered as seg- 
mental. We can therefore include vertebral artery-to-vertebral vein fistu- 
lae or vertebro-vertebral AVFs ( VVAVFs) in the group of extracranial and 
paraspinal AVFs (parachordal, following the notochord). 

The embryonic core of these malformations is the notochord. It ends at 
the basisphenoid level, where it marks the junction between the somitic 
and the prebranchial somitic portion of the branchial region. In vascular 
terms, the rostral limit of the notochord is the cavernous venous plexus 
with the arterial supply to the region from the maxillary artery branches; 
it also includes the extradural ICA, and therefore the most appropriate 
name for this group of lesions is parachordal AVFs (Table 11.1). 

No nontraumatic AVFs in the cranial region, other than those fed by the 
metameric arteries (ICA, maxillary, ascending pharyngeal, laryngeal, oc- 
cipital and vertebral arteries) are fed by the thyrolingual- facial arteries. At 
the thoracic, lumbar, or sacral levels, the extraspinal paraspinal AVFs are 
supplied by their respective segmental arteries and located according 
to the appropriate site of the shunt, either on the main trunk or on its 
branches. Analysis of the similarities and differences in the anatomy of 



Table 11.1. Parachordal arteriovenous fistulae 



Region 




Cephalic 


Maxillary, EJV 
Ascending pharyngeal, IJV 
Occipital, Cl vertebral or PJV 
Occipital, C2 vertebral or PJV 


Somitic 


Thyro-cervical-vertebral or PJV 
Costo-cervical-vertebral or PJV 
Cervico-vertebral vein 
Segmental (intercostal, lumbar, sacral), 
azygos vein 



EJV, external jugular vein; IJV, internal jugular vein; 
PJV, posterior jugular vein. 
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the venous drainage is equally enlightening, as it is the key factor in un- 
derstanding and predicting the clinical manifestations of parachordal 
AVFs (Rodesch et al. 1996) (Table 11.2). 

The role played by the internal jugular vein and the azygos veins as low- 
resistance outlets may facilitate cardiac overload in some rare pediatric 
cases (see Vol. 3). Conversely, the high resistance of the posterior external 
jugular veins, the vertebral veins, and the epidural venous plexuses ex- 
plains the absence of cardiac symptoms as the clinical presentation of AVF 
draining primarily into these systems (Table 11.3). If we consider only 
the AVFs that are located ventral to the notochord (extracranial and 
paraspinal), drainage of the AVF in most cases is centrifugal and seldom 
epidural and almost never intradural (Goyal et al. 1999). 

From a purely academic point of view, epidural AVSs of the spine and 
the cavernous plexus could be linked together, since both are osteo- 
epidural in location. When looking at the differences in the venous struc- 
tures of the spine and cranial region, the absence of a dural venous sinus 
in the former is immediately apparent. Intracranial venous sinuses are 
vascular pathways within the dural sheet and cannot be considered as 
venous channels located within the epidural space. There are no venous 



Table 11.2. Modalities of venous drainage in parachordal arteriovenous fistulae 



Type of drainage 


Veins involved 


Centrofugal drainage 


Jugular vein (external, posterior, internal) 
Vertebral vein 




Azygos vein 


Epidural drainage 


Cranial sinuses 
Venous plexuses 


Centropetal drainage 


Cerebropial drainage 
Radicular vein 


Table 11.3. Clinical manifestations in parachordal arteriovenous fistulae 


Manifestation 


Mechanisms involved 


Congestive cardiac failure 


Internal jugular vein drainage 
Azygos vein drainage 


Neurological deficits 


Pial venous congestion by epidural hyperpressure 
Pial venous congestion by pial reflux 
Compression from epidural venous ectasia 
Radiculomedullary arterial shunt 
Associated myelomeric arteriovenous shunt 
(Cobb syndrome) 


Hemorrhage 


Pial reflux 
Venous infarction 


Symptoms related to associated Neurofibromatosis type 1 

tumors or vascular sites in Collagen diseases 

specific pathologies Rendu-Olser- Weber disease, etc. 
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dural sinuses at the spinal level, the spinal epidural venous plexuses have 
the same appearance all along the notochord, from the sacrum to the 
basisphenoid. These epidural venous channels have mainly axial and lon- 
gitudinal anastomoses. 

For the most part, there will be no central nervous system conse- 
quences of extraspinal or extracranial fistulae, unless they have radicular 
venous drainage and subsequent pial reflux or if their epidural venous 
drainage creates expansion, mass effect, and cord compression. Special lo- 
cations or anatomical dispositions of the cerebral venous outlets or radic- 
ular veins at the level of the shunt may account for the pial venous opaci- 
fication that is occasionally seen. The usual venous impairment of the 
brain or cord seen with intradural or dural AVSs is rarely encountered in 
parachordal AVFs (Sedat et al. 1999). The chronic effect of the AVF is 
mainly expressed on the venous side of the lesion. There is no high-flow 
arterial angiopathy in the branches supplying the shunt, as the hemody- 
namic conditions of these segmental arteries differ from those of the 
central nervous system (cerebral or cervical cord) (Figs. 11.1, 11.3). The 
effects of epidural venous congestion on the pial venous system can be 
seen in rare cases. If the AVF is part of an underlying vascular dysplasia, 
the shunt may not become apparent until adulthood. Some of these ex- 
tracranial or spinal AVFs can be part of a cerebral-facial or spinal arteri- 
ovenous metameric syndrome (CAMS, SAMS), therefore associated with 
true intradural arteriovenous lesions (Bhattacharya et al. 2001). 



1 1 .1 .2 Cranial (Branchial) Arteriovenous Shunts 

Branchial arteriovenous shunt (AVS) is the name given to those AVFs that 
are fed by branchial arteries (cervical ICA; Fig. 11.1), proatlantal, hypo- 
glossal, and stapedial). These vessels (an exception is made for the ICA) 
constitute the arterial supply to the cranial nerves, and the hazards of em- 
bolization of these vessels are inherently related to this anatomical coin- 
cidence. Two types of AVSs can be encountered: maxillary and pharyngeal 
AVFs (often called external carotid-to-jugular vein fistulae). The proat- 
lantal artery is involved in the construction of the vertebral artery at the 
Cl and C2 levels and the AVFs developed from them are included in the 
VVAVFs. Most often, these lesions are incidentally discovered in children 
(Hui et al. 1994; see Vol. 3). All these branchial AVFs can successfully be 
treated by endovascular occlusion. 



Fig. 11.1A-E. A 36-year-old hypertensive male patient presented with sudden ► 
headaches and loss of conscience. At admission he had a score of 3 on the GOS with 
bilateral myosis and right-sided hemiplegia. Evidence of subarachnoid hemorrhage 
and intraventricular hemorrhage was seen on CT (A, B). Extracranial rupture of the 
ICA in the jugular bulb (C, D) was treated in emergency with three gold valve latex 
balloons and internal carotid artery sacrifice (E), for fear of a possible persisting dis- 
secting process from an undiagnosed collagen disease. Favorable clinical evolution 
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Fig. 1 1.2A-C. A 23-year-old female patient with left facial asymmetry and a pulsatile 
tumefaction on the left side of the face. No previous history of trauma was found. 
A Lateral digital subtraction angiography (DSA) of the distal external carotid artery 
on the left side. Note marked tortuosity of the distal external carotid artery and in- 
ternal maxillary artery ( curved arrows) as well as abrupt transitional caliber at the 
side of the fistula ( open curved arrow). B Later phase demonstrates the large venous 
dilatation (curved arrow) and drainage into the jugular venous system (arrow). 
C Plain film following balloon embolization. The most distal balloon shows an hour- 
glass appearance as part of the balloon at the fistula site (open curved arrow). A sec- 
ond balloon is placed in tandem to prevent distal displacement of the balloon. Note 
the well-circumscribed bony expansion in the pterygoid region and inferior alveolar 
canal (small arrows) 
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7 7. 7.2. 7 Maxillary Artery-to-Vein Arteriovenous Fistulae (Stapedial) 

Maxillary artery-to-vein AVFs are often discovered by the mother of a 
child when she hears a noise while kissing or hugging the child (Beren- 
stein et al. 1984b) (Fig. 11.2). In most instances, the fistula is located at the 
origin of the middle meningeal or accessory meningeal artery and rarely 
on the maxillary artery itself, where the maxillomandibular branch of the 
stapedial artery is annexed by the external carotid system (see Vol. 1). The 
flow is usually high, and the exact location of the fistulous point is often 
better assessed by selective injection of the adjacent arteries in the region, 
using the collateral circulation. Retrograde opacification of the cavernous 
venous plexus with drainage toward the ophthalmic vein or superior pet- 
rosal sinus with pial venous reflux is rarely seen, but might result in cere- 
bral venous congestion. In such instances, the risk of intracranial hemor- 
rhage and neurological deficit should then be anticipated and therapeutic 
indication discussed accordingly. 



7 7. 7.2.2 Ascending Pharyngeal-Internal Jugular Arteriovenous Fistulae 
(Hypoglossal) 

Ascending pharyngeal-internal jugular AVFs are seen in young adults 
(Figs. 11.3, 11.4). Symptoms may include bruit and cranial nerve impair- 
ment (IX-XII). In adults, the mechanism of the impairment is unclear, but 
probably related to arterial or venous ischemia rather than mechanical 
compression or retrograde intracranial drainage. These fistulae are rare. 



1 1 .1 .3 Vertebro-Vertebral Arteriovenous Fistulae 
(Proatlantal and Intersegmental) 

7 7. 1.3. 7 Vertebro-Vertebral Arteriovenous Fistulae 

“Vertebro-vertebral arteriovenous fistulae” (VVAVF) is a generic term 
covering various types of diseases that involve the vertebral arteries and 
veins. A clear distinction should be made between these AVFs and the 
traumatic arteriovenous communications that cover the majority of cas- 
es listed in the literature (see Chap. 6, this volume). A separate group is 
made up of dysplastic vessels, which rupture spontaneously or following 
minimal injury. Spontaneous vertebral arteriovenous fistulae can be asso- 
ciated with fibromuscular dysplasia (FMD) (Bahar et al. 1984), neurofi- 
bromatosis (Deans et al. 1982), and in young adults with collagen type III 
diseases (Elhers-Danlos IV). In this case, the disease is rather arterial and 
the fistula microtraumatic. 

Since Rubi’s (1945) original report, there has been an increased aware- 
ness of the vascular lesions associated with neurofibromatosis, which 
include stenosis, aneurysms (Itzchak et al. 1974), and AVFs. Deans et al. 
(1982) reported two cases of such fistulae in patients with neurofibro- 
matosis; one had a spontaneous fistula of the left internal maxillary artery 
that presented with spontaneous hemorrhage. 
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Fig. 11.3. A 44-year-old female patient presented with nontraumatic exophthalmos 
and tinnitus from a spontaneous ascending pharyngeal-inferior petrosal sinus arte- 
riovenous fistula (A, B). No evidence of collagen disease. Treated with latex balloon, 
resulting in complete resolution of symptoms (C-E). 12th postoperative cranial nerve 
paralysis was noted. (Courtesy of P. Chewit) 
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Fig. 11.4A-F. A 35-year-old 
male patient presented with 
tinnitus caused by a sponta- 
neous (nontraumatic) occipi- 
tal-pharyngeal-jugular bulb 
arteriovenous fistula. No evi- 
dence of collagen disease. In- 
ternal carotid artery (A), occip- 
ital (B), ascending pharyngeal 
(C, D) angiograms. E, F see 
p. 746 
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Fig. 11.4 ( continued ). Treatment was achieved by transvenous embolization (E, F) 
with fiber coils and complete resolution of symptoms. (Courtesy of S. Pongpech) 



The histological analysis of some of these patients with neurofibromato- 
sis showed proliferation of Schwann cells in the adventitia of the arterial 
wall, as well as intimal fibrosis and fragmentation of the elastica and thin- 
ning of the smooth muscle with aneurysm formation; nodular masses of 
spindle-shaped cells are also seen between the media and adventitia in the 
involved artery (Deans et al. 1982). In 1974, Saylor and Saylor actually 
found such lesions in almost 50% of neurofibromatosis patients studied at 
autopsy, even if they did not have fistulae. Green et al. (1974), in his study 
of aneurysmal and nodular lesions in patients with neurofibromatosis, 
found no evidence of Schwann cell proliferation, and the electron mi- 
croscopy (EM) characteristics of the spindle cells in these lesions were 
those of smooth muscle. They suggested that some of the vascular 
changes in these patients result from a primary dysplasia of the arterial 
wall. Either dysplasia of the arterial wall or neurofibromatosis prolifera- 
tion in the arterial wall, or a combination of both, can lead to aneurysm 
formation and eventual rupture into an adjacent vein, which then pro- 
duces a pathological AVF. 

An upper- and a lower-cervical group can be distinguished within the 
VVAVF group. The upper-cervical group is seen in the pediatric popula- 
tion (see Vol. 3) and is seldom associated with dysplastic disease, whereas 
the lower- cervical group is likely to correspond to an older population 
carrying systemic diseases. 

- Upper VVAVFs are shunts that have developed at the C1-C2 level from 
the proatlantal system. The role of the occipital artery in the supply to 
the AVF depends on the anatomical balance between the occipital and 
vertebral sources (Moret et al. 1979). Pure VVAVFs or pure occipitover- 
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Fig. 1 1.5A, B. Spontaneous fistula in a 48-year-old woman who presented with a sud- 
den onset of a swishing noise on the right side. The patient demonstrated evidence 
of fibromuscular dysplasia at multiple brachiocephalic vessels (not shown). A Frontal 
subtraction angiogram of the right vascular artery. Note the dysplastic segment of 
the vertebral artery ( curved arrow), filling of the internal jugular vein ( open curved 
arrow), and a dysplastic distal vertebral artery (arrowheads). B Frontal subtraction 
angiogram of the right vertebral artery following spontaneous closure of the fistula 
while attempting balloon embolization. The dysplastic vertebral artery affected by 
fibromuscular dysplasia is seen better ( curved arrow) 



tebral vein AVFs are seen, in addition to intermediate stages. If the 
shunt is located at the C2 level the same rules apply. Venous drainage of 
the AVF uses the suboccipital and vertebral network (Fig. 1 1.5). Under- 
standing the clinical correlation depends on the anatomical knowledge 
of the operator, as does the capacity to predict the natural history. The 
exact location of the AVF on the segmental part of the artery or its in- 
tersegmental course may impact the potential to preserve the patency 
of the vertebral artery. 

- Intersegmental VVAVFs constitute a rupture of the vertebral continu- 
ity, and the vertebral axis may not be preserved unless the hole is small 
and the embolic agent can be placed on the venous site only. In con- 
trast, a segmental VVAVF is the rupture of the continuity in a vertebral 
artery branch, and in this situation the vertebral axis can more easily be 
preserved, even in the presence of large venous pouches. A sump effect, 
affecting the regional segmental arteries, will opacify the shunt without 
representing true direct supply. The ascending pharyngeal and costo- 
cervical arteries are most frequently involved in this process. They are 
also alternative pathways to the VVAVF or occipitovertebral AVFs if the 
shunt is improperly treated. 

- Lower-cervical VVAVFs are very different from upper VVAVFs. They in- 
volve the cervical arteries, are less frequent, and are usually of the slow- 
flow type. They are often associated with an underlying vessel wall 
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Fig. 1 1.6A, B. Spontaneous fistula in a 52-year-old woman who presented with a sud- 
den onset of a swishing noise on the right side. The patient had cutaneous signs and 
a family history of neurofibromatosis. A Right vertebral injection demonstrates the 
C3-C4 arteriovenous fistula. B After balloon occlusion of the fistula (arrow), the 
proximal dysplastic segment demonstrated significant stagnation for which the ver- 
tebral artery was completely obliterated. Note the dysplastic appearance of the verte- Fig. 1 1.7A, B. 
bral artery, proximal to the fistula Legend see p. 749 

▼ 
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◄ Fig. 11.7. A 72-year-old male patient presenting with slowly progressive radicular 
and cord compression symptoms seen on CT (A) and MRI (B). Pre- and postarterial 
embolizations of the paravertebral arteriovenous malformation resulted in transient 
clinical improvement, while retrograde transvenous occlusion of the epidural venous 
plexus produced permanent neurological recovery (C-F) 
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Fig. 11.8. A Lateral subtraction 
angiogram in a patient with 
von Willebrand’s disease and 
factor VIII deficiency. The 
multiplicity of fistulae or exact 
fistula site could not be accu- 
rately demonstrated. B Oblique 
subtraction angiogram demon- 
strates separate arteriovenous 
fistulae ( arrowheads ). The 
largest fistula at C3 drains ante- 
riorly toward the contralateral 
epidural venous plexus. C Lat- 
eral plain film of the cervical 
region demonstrates multiple 
balloons in tandem from C2 to 
C5. As balloons were placed in 
the most superior portion of 
the vertebral artery, additional 
fistulae were seen. All signs and 
symptoms were relieved after 
the embolization 
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disease (Fig. 11.6, p. 748). The enlarged dural lakes may create spinal 
cord symptoms. Arterial steal to the cord is unlikely considering the 
amount of segmental supply to the cervical spinal cord at this level; how- 
ever, this mechanism has been proposed to explain central nervous sys- 
tem manifestations in WAVE These fistulae are most often located at 
the level of the vertebral canal and in contrast to their upper cervical 
counterparts, they drain into the epidural space, where they can produce 
large epidural lakes bulging into the spinal canal and can compress the 
cord (Fig. 1 1.7, p. 749) (Willinsky et al. 1990c; 1993; Goyal et al. 1999). 

Spontaneous fistulae maybe present simultaneously at multiple levels and 
may not be caught on the initial study (Fig. 11.8). They will be demon- 
strated in oblique projections or become apparent after occluding the 
most distal one. Multiple occlusion sites will be identified and treated to 
trap all the fistulae. In the case illustrated in Fig. 11.8, an associated blood 
dyscrasia (von Willebrand’s disease), with deficiency of factor VIII down 
to 12.5% (normal is more than 40%), and low pro-coagulant assay were 
also found (Fig. 11.8). 



11.1.3.2 Clinical Findings 

The clinical manifestation of VVAVFs is related to the arterial deprivation 
in the territory distal to the fistula, which may result in vertebrobasilar in- 
sufficiency (Reivich et al. 1961) or spinal cord ischemia (Nagashima et al. 
1996). Inadvertent occlusion of the ipsilateral vertebral artery proximal to 
the shunt in these circumstances will immediately produce major neuro- 
logical symptoms. Venous hypertension and/or congestion is the second 
mechanism by which VVAFs produce signs and symptoms of spinal cord 
ischemia and/or nerve root compression (Deans et al. 1982). These symp- 
toms include spasticity, spastic quadriparesis, painful torticollis, blurring 
of vision, and facial pain. The high arteriovenous shunting may manifest 
itself by a prominent paraspinal bruit that usually does not change with 
manual compression of the carotid arteries, but maybe associated with a 
decrease in distal pulses in the ipsilateral upper extremity. They present as 
a bruit or swishing noise of acute onset occurring after a sudden neck 
movement, straining, or sneezing (Bartal and Levy 1972). These fistulae 
may also occur after a previous thrombosis or rupture of a preexisting 
aneurysm, although this will be difficult to prove. Mechanical compres- 
sions at the intervertebral foramen level can present with radiculopathy. 

The clinical response to transarterial embolization can be immediate 
and spectacular, but if the shunt is not completely obliterated clinical im- 
provement will be temporary. In such circumstances, if transarterial con- 
trol cannot be obtained, then a transvenous approach can be proposed 
(Fig. 11.7) (Willinsky et al. 1990c, 1993). 

Local opening into a radicular vein may produce medullary venous 
reflux and the possibility of neurological manifestations, hemorrhage 
(Kominami et al. 1996), ischemia, or atrophic changes (Berenstein and 
Lasjaunias 1992). Large venous lakes may compress the cord and provoke 
progressive myelopathy (Goyal et al. 1999). These compressive lakes have 
been seen in children intradurally with spinal cord vein reflux (see Vol. 3) 
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and epidurally in adults without evidence of spinal cord vein reflux. The 
anatomy and pathophysiology of symptoms in this location are the same 
as those in the paraspinal AVF (Table 1 1.3). 

Doppman and Di Chiro reported a 39-year-old male patient who pre- 
sented with a subarachnoid hemorrhage at the age of 19. At age 35, he had 
a documented cervical arteriovenous malformation (AVM), which was 
significantly larger at myelography than at angiography. In the single 
frontal study, the lesion appears as a slow-flow lesion. Some 5 years later, 
while the symptom course was progressive, the lesion appeared smaller by 
both myelography and angiography. At surgical exploration, a large 
thrombosed AVM overlying the dural surface of the cervical spinal cord 
was found. The progression of venous thrombosis in this condition can 
result in an ascending myelopathy with a fatal outcome. 

The natural history of these fistulae depends on the venous angio- 
architecture. However, once symptomatic (neural compression and/or re- 
mote venous insufficiency), they are usually progressive. 

All previous discussions as to the advisability for or against treatment 
have been based on the difficulty of open surgery where complete eradi- 
cation is needed and not merely ligation of a few feeders. At present, the 
recommended treatment is the percutaneous endovascular closure of 
these VVAVFs. 



1 1 .1 .4 Paraspinal Arteriovenous Fistulae 

When looking at the anatomy of the spinal cord arteries and their seg- 
mented sources of supply, all the possible paraspinal AVF locations can be 
anticipated. Para-axial longitudinal intersegmental extraspinal arterial 
anastomoses, similar to the vertebral artery (supreme intercostal, tho- 
racic, or lumbar multimetameric, lateral sacral arteries; see Vol. 1 ) may 
also be the site of the fistula. The amount of apparent supply to the shunt 
depends on the type of artery involved and the individual anatomy. In 
general, indirect opacification of the AVF will be noted following injection 
of the adjacent segmental arteries. The options for drainage follow the 
same general rules as in the other sites. However, epidural reflux and some 
spinal cord vein involvement appear more frequent. The direct opening of 
the ventrally located fistulae into the azygos vein or its affluent may cause 
cardiac overload in children (see Vol. 3). The supply to the cord prior to 
occlusion of the fistula must be carefully established. The prominent flow 
into the shunt may preclude the appropriate opacification of a radicu- 



Fig. 1 1 .9A-E. Extraspinal malformation. Purely extraspinal arteriovenous malforma- ► 

tion (AVM) presenting as an enlarging pulsatile mass. A, B Axial MRI showing the 
multiple signal voids within the soft tissue mass on the left side. C Coronal MRI ex- 
amination shows multiple signal voids in the extraspinal space ( arrowheads ). D CT 
scan after multiple embolization demonstrates marked reduction in the mass effect 
with relief of the pain and discomfort. The patient underwent successful surgical ex- 
cision of the obliterated malformation. E Representative film of the extraspinal tis- 
sues demonstrating the multicompartment AVM supplied by T8 ( curved arrows) 
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Fig. 1 1.10A-F. A 47-year-old female patient presented with localized back pain and 
known multiple limb arteriovenous malformations and Hermitt Duclos syndrome. 
Contrast-enhanced CT (A-C) and axial T1 MRI (D-F) 



lomedullary artery originating at the same level, and inadvertent em- 
bolization in this case would carry the risk of major spinal cord arterial 
complication, in particular when a liquid embolic agent is used (Fig. 1 1.9). 

In a young adult, we have seen another contributor to the ventral arte- 
rial axis of the cord opacify the AVF several metameres above the 
paraspinal lesion, via the cord, suggesting a possible arterial steal. The 
clinical significance of this finding was difficult to establish, as epidural 
lakes were also present and might have been responsible for the cord 
symptoms. 








'JlK. 
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Fig. 11 . 11 . A 32-year-old man presented with slowly progressive radicular pain and 
cord compression symptoms in relation to an intraspinal extradural bulging dilated 
epidural vein, as seen on CT (A) and MRI (B, C). Extensive intersegmental arterial 
collateral network supplying the arteriovenous malformation was seen on an- 
giograms (D-F). G-J see p. 756 



Pure thoracolumbar paraspinal AVFs are even rarer than the more ros- 
tral branchial locations in both adults and in the pediatric population. 
Symptoms are often minimal, related to the cutaneous and muscle in- 
volvement of the lesion or its drainage (Fig. 11.10). The clinical symptoms 
appear to occur later than the probable onset of the fistulae. 

Progressive medullary symptoms can be noted in relation to bone ero- 
sion or large venous pouches (Fig. 11.11) bulging in the spinal canal and 
compressing the cord (Rodesch et al. 1996; Goyal et al. 1999) (Fig. 11.12). 
The MRI features of paravertebral AVMs depend primarily on the loca- 
tion of the nidus and the venous drainage pattern. Hyperintense signal 
within the spinal cord on T2-weighted images and an increase in per- 
imedullary flow voids is seen in cases with intradural venous reflux. 
Prominent vascular channels in the vertebra or paraspinal tissues can be 
seen and are consistent with the paravertebral location of the arteriovenous 
malformation. Careful scrutiny may be required to detect these abnormal 
vessels. Coexistent intramedullary lesions as in Cobb syndrome should be 
sought. MRI examination should include the entire spine. The parasagittal 
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Fig. 11.11 ( continued ). Retrograde transvenous approach after repeated arterial em- 
bolizations resulted in improvement of clinical symptoms (G-J) 



plane is useful to evaluate the paraspinal region. Axial and/or coronal im- 
ages should be taken of suspicious areas (Goyal et al. 1999) (Fig. 11.12). 

Several vascular features may result in symptoms from the thora- 
columbar AVFs (Table 11.3). Some rare slow-flow epidural lesions drain 
into the epidural venous plexus and then reflux upstream toward the pial 
veins; their physiopathological interference with the cord circulation is 
similar to that of spinal dural arteriovenous shunt (SDAVS). Finally, vas- 
cular angiogenesis in the epidural space may mimic vascular malforma- 
tions (Fig. 11.13). 

In all cases of paraspinal AVF, an associated spinal cord arteriovenous 
malformation (SCAVM),bone involvement, and cutaneous discoloration 
should be sought to rule out a spinal arteriovenous metameric syndrome 
(SAMS); this association is more common than previously thought. 
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Fig. 11.12A, B. Extensive para- 
vertebral arteriovenous mal- 
formation with epidural venous 
drainage is noted on sagittal 
and coronal MRI 





Fig. 11.13A, B. Epidural pro- 
liferation with venous plexus 
congestion. Absence of pial 
venous reflux (A, B) 
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The objective of treatment of parachordal AVFs is the occlusion of the 
AVS, with preservation of the parent artery as well as the arterial supply 
to the neural structures. In our experience, this can be achieved with glue 
(Fig. 11.9), balloons (Figs. 11.1-11.3, 11.8), coils (Fig. 11.4) and in some 
cases a combination of embolic agents (Figs. 1 1.7, 11.11; see Chap. 14, this 
volume). 



11.2 Spinal Cord Vascular Lesions 

Since the early days of the classic interpretation of the various events that 
can occur with SCAVMs, we have progressed to a better understanding of 
the morphological information obtained so as to use it and transform it 
into therapeutic strategies such as targeted embolization. Since 1980, the 
authors have managed and followed up a total of 320 SCAVM patients. 
This experience has been published in various papers and was also docu- 
mented in the first edition of Vol. 5, the largest series and source of infor- 
mation on this disease accumulated to date. 

A portion of the chapter on SCAVMs from our first edition has been re- 
tained to highlight the difficulties in obtaining valid information from the 
literature and to demonstrate our progressive understanding with respect 
to SCAVMs. 

Credit for first recognizing that spinal vascular malformations can 
cause subarachnoid hemorrhage must be given to Heboid (1985) and 
Gaupp (1988), who referred to these lesions as hemorrhoids of the pia 
mater. Since then, multiple eponyms and classifications have been used 
for the various types of vascular malformations of the spine and spinal 
cord. Based on microscopic appearance and structure, topographic rela- 
tionship, and pathological nature, the various classifications that emerged 
have become a source of confusion. The complexity of the nomenclature 
makes it more difficult to understand and compare the various lesions 
considered to be vascular malformations of the spinal cord. Historically, 
Wyburn-Mason’s classic monograph recognized two main types of spinal 
vascular lesions: 

1. The venous type, consisting of an abnormal mass of sinuous, turgid, 
blue, pial veins, is usually located posteriorly and below the mid-thoracic 
region of the cord. Wyburn-Mason described the microscopic findings as 
thick-walled pial vessels with abnormal structures and marked “prolif- 
eration of intramedullary capillaries, precapillaries and venules.” 

2. The arteriovenous type, consisting of a fistulous capillary bed, is pref- 
erentially located in the cervical enlargement anteriorly or at the lum- 
bar enlargement. Distended veins appear macroscopically. Microscop- 
ic examination showed the presence of numerous vessels of different 
sizes and structures, some resembling arteries, others veins. In arterio- 
venous-type lesions, symptoms often presented early in life, in con- 
trast to patients with the venous type of vascular anomalies, in whom 
symptoms tended to present later on. Wyburn-Mason thus understood 
the duality between true medullary AVMs and what we know today are 
spinal dural fistulae. 
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In the late 1960s and early 1970s, following the introduction of selective 
spinal angiography and the study of large series of patients (Houdart et al. 
1966; Di Chiro et al. 1967; Baker et al. 1967; Djindjian et al. 1969a, 1970a), 
one type of abnormality was recognized as common, irrespective of the 
gross appearance. This lesion consisted essentially of an abnormal com- 
munication between the arterial and venous systems without intervening 
capillaries. The variations in individual lesions were related to the volume 
of shunting and the number of feeding vessels. Aminoff, in 1974 and 1976, 
extensively reviewed the pathophysiology, clinical presentation, and prog- 
nosis of vascular malformations of the spinal cord. In his 1976 mono- 
graph, he stated that “since venous and arteriovenous angiomas could not 
be distinguished satisfactorily, either angiographically or pathologically, 
they will be grouped together.” He did, however, recognize that lesions 
with large shunts corresponded to Wyburn-Mason’s arteriovenous form, 
while lesions with a shunt of small volume probably corresponded to the 
venous type. Aminoff also noted the early presentation and high inci- 
dence of hemorrhage in the high-flow shunts. Similarly, Djindjian (1978) 
and Hurth et al. (1978) noted differences in the cervical lesions compared 
with those in the thoracic and lumbar areas. In his chapter on angiogra- 
phy of spinal cord angiomas, Djindjian states, “one cannot avoid being 
struck by the fact that malformations having a direct contribution from 
the artery of Adamkiewicz corresponded to those cases which present 
early (average 33 years), compared with age 51 for those cases which are 
exclusively posterior” (Djindjian 1978). Confusion remained, however, in 
attempts to classify spinal AVMs based on the relationship of the lesion to 
the various compartments of the spinal canal (intradural, extradural, in- 
tramedullary, extramedullary, paramedullary, vertebral, etc.). 

In 1977, Kendall and Logue reported on ten patients with spinal dural 
AVMs, and Merland in 1980 review 13 patients, referring to their lesions 
as “intraspinal extramedullary arteriovenous fistulae draining into me- 
dullary veins.” Only with the recognition of the true pathological nature 
of these spinal dural arteriovenous fistulae (SDAVFs) or meningeal fistu- 
lae has much of the confusion relating to spinal cord AVMs been resolved. 
More than 20 years later, the classifications remain and even the latest one 
persists in confusing dural AVS with spinal cord AVS. 

Vascular malformations of the spine and spinal cord are considered 
uncommon lesions. Their incidence, expressed as a percentage of the to- 
tal number of the various types of spinal space- occupying lesions, ranges 
from 3% (Wyburn-Mason 1943b; Newman 1959) to 16% (Pia and Vogel- 
sang 1965). The discrepancy is explained by the introduction of better 
diagnostic modalities. Even so, the true incidence of spine and spinal cord 
vascular malformations may still be underestimated. The introduction of 
spinal angiography, by Djindjian in 1962, and spinal subtraction angio- 
graphy, by Doppman in 1965, were important advances in the radiological 
visualization of vascular malformations. However, only when selective 
spinal angiography was reported by Djindjian in 1966 and di Chiro et al. 
in 1967 did a better understanding of this group of conditions become 
possible. 

The incidence of spinal AVMs (SAVMs) in relation to brain AVMs 
(BAVMs) is reported at 1:4 (Lombardi and Migliavacca 1959); 1:6 (Jellinger 
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1966, 1978), or 1:8 (Bergstrand 1963). Although cerebral vascular malfor- 
mations are more common than spinal ones, the comparative incidence in 
relation to brain versus spinal tumors is very similar, ranging from 2% to 
4% (Olivecrona 1957; Krenshel 1961). This suggests that the frequency of 
spinal cord AVMs (SCAVMs) compared to BAVMs correlates with the 
mass or volume ratio between spinal cord and brain tissue. The preva- 
lence of incidental or asymptomatic spinal vascular malformations is dif- 
ficult to ascertain, as the spinal cord is usually not inspected on routine 
autopsy series. 

Brion et al. (1952), in an autopsy series of 31 patients who died with un- 
classified myelopathies, found AVMs in nine (29%). Doppman (1968a), in 
his classic monograph, quotes Porter’s experience based on 50 autopsies 
of patients with posttraumatic cord injuries in which two (4%) patients 
had underlying AVMs. Now, however, it is generally accepted that all of the 
so-called retromedullary thoracolumbar lesions of slow flow, supplied by 
a single pedicle and occurring in patients after the fourth decade of life, 
reported prior to 1980 were most likely SDAVFs. 

In Symon’s 1984 series, there are 55 patients with well-documented 
SDAVFs and only five with SCAVMs. Unfortunately, whether any of the le- 
sions were spinal arteriovenous fistulae or metameric lesions was not 
mentioned. In an NIH series of 81 patients (Rosenblum 1987a), there were 
27 patients (33%) with dural arteriovenous fistulae and 43 (53%) with in- 
tramedullary SCAVMs in various locations. There were 1 1 patients (13.5%) 
who had direct arteriovenous fistulae involving the anterior spinal, poste- 
rior spinal, or both medullary arteries. In three patients, there were lesions 
with cutaneous manifestations assumed to be metameric (6%). In 1987, 
Guegen et al. reported on 11 patients with arteriovenous fistulae fed by 
medullary arteries seen over a 14-year period. Some of these were part of 
the previous experience reported in Djindjian (1976). 

In attempting to establish the natural history of SCAVMs, careful analy- 
sis of the various series reported prior to the recognition of SDAVFs as a 
separate entity gives only limited information. The series of Di Chiro and 
Doppman (1968a), Aminoff (1976), Pia and Vogelsang (1965) as well as 
others were based on different classifications, and the investigators often 
did not distinguish between the various entities. In the series of Djindjian, 
Hurth, and Houdart (1969a), the different lesion types were also not 
separated. However, after careful review of the 150 patients reported 
by Djindjian (1976), information available regarding 130 of them was 
sufficient to separate SDAVFs from SCAVMs and metameric lesions 
(Table 11.5). 



11.3 Spinal Cord Arteriovenous Malformations 

This group of arteriovenous shunt includes lesions developed intradurally, 
supplied by radicular arteries (radiculomedullary and radiculopial), the 
anterior spinal artery, the pial network, their perforators, or any combina- 
tion of them. The lesion may be located along the surface of the cord, be 
intramedullary, or both. In this group, we also include AVMs that are lo- 
cated along the intradural portion of the spinal nerves and on the filum 
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Fig. 11.14. Patient presenting 
with cervical myelopathy 
demonstrated increased signal 
in the cord (A) but no MRI 
evidence of spinal cord veins 
draining a tentorial dural 
arteriovenous fistula (B, C). 
The veins are ventrally located 
within the ventral subpial 
space (D) 
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Fig. 11.15. MR occult (A) 
symptomatic spinal cord arte- 
riovenous malformation (B). 
Ventrally located drainage 
( arrowheads ) within the ventral 
subpial space in a patient with 
MRI evidence of venous con- 
gestion (arrow) 




Fig. 11.16. Typical appear- 
ance of spinal cord arteriove- 
nous fistula (A) in a young 
adult with family history of 
HHT1. Note the role played by 
the basket arteries (B) in the 
opacification of the fistulous 
point located on the dorsolater- 
al portion of the pial network 
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Fig. 11.17A,B. Bifocal spinal 
cord arteriovenous malforma- 
tions: intramedullary for the 
upper one, and in the ventral 
sulcus for the caudal one. Note 
the converging draining vein. 
(From Meisel et al. 2000) 




terminale. They are likely to be both subarachnoid and subpial since the 
pial veins of the cord are subarachnoid. Different from the cephalic re- 
gion, the subpial space is consistently present at the level of the ventral 
sulcus. Imaging the subarachnoid space (myelography, T2, or other simi- 
lar MRI sequence) will demonstrate the dilated veins, except for the min- 
imally dilated ventral spinal vein, which is buried in the depth of the ven- 
tral sulcus (see Vol. 1; Figs. 11.14, 11.15). For that reason, nearly all spinal 
cord arteriovenous shunts (AVS) will be detected on MRI, but some may 
be MRI occult (Lasjaunias 2001). 

All, however, are supplied by pial and perforating arteries; they will 
drain through the intrinsic or pial veins. As will be discussed in 
Sect. 11.3.2.6, they may have a nidus, have single or multiple direct fistu- 
lae (high-flow), or may be a combination of the two. They may also be as- 
sociated with arterial aneurysms or venous pouches and be associated 
with various changes induced by the constraints they produce. 

Among all our spinal cord arteriovenous shunts (SCAVSs), 20% were 
AVFs (one-fourth macrofistulae, MAVFs; Fig. 11.16), three-fourths mi- 
crofistulae (mAVF; Fig. 11.14). All fistulae were localized on the surface of 
the cord. Of these SCAVMs, 80% had an at least partially intramedullary 
nidus; 80% of SCAVS were single lesions. 

Multiple shunts were found in 20%. In this latter group, over half har- 
bored true multiple intradural shunts corresponding to either separate 
spinal cord nidi distributed over different myelomere levels (Fig. 11.17) 
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Fig. 11.18A-K. Spinal arteriovenous metameric syndrome (SAMS) 22/23 in a 32- ► 

year-old female patient presenting for low back pain and right leg numbness lasting 
1 year. MRI, multiple signal voids around the cord down to conus level (A, B). Involve- 
ment of L2 lumbar nerve root (C-E) and corresponding spinal cord (F, G). Both le- 
sions were embolized in two separate sessions. Glue cast of the SCAVM (H). I-K One- 
year postembolization follow-up of both radicular and SCAVM locations. (Courtesy 
of S. Pongpech) 
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Fig. 11.18F-K. 

Legend see p. 764 
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Fig. 11.19. Spinal arterio- 
venous metameric syndrome 
1/2 (A) involvement of C1-C2 
superficial tissues (B) and 
corresponding spinal cord (C) 
(Courtesy of R. Kwok) 




and/or to SCAVMs associated with intradural radicular arteriovenous 
shunts (Fig. 11.18). Other intra- and extradural localizations included 
typical spinal arteriovenous metameric syndromes (SAMS) (Fig. 11.19) 
for two-thirds of them, and Klippel-Trenaunay syndrome (Fig. 11.20) or 
Parkes-Weber syndrome (Fig. 11.21, p. 768) in which associated SCAVMs 
could be suspected to follow a segmental disposition. No SCAVFs were de- 
tected in these latter associations. Patients with hereditary hemorrhagic 
telangiectasia (HHT or Rendu-Osler-Weber disease, ROW) all presented 
with MAVFs (Fig. 11.16). None had multifocal spinal cord lesions, which 
are mostly diagnosed in children (see Vol. 3). 
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Fig. 11.20. Typical Klippel-Tre- 
naunay aspect of the lower limb 




1 1 .3.1 Classification of Spinal Cord Arteriovenous Malformations 

Several classifications have been proposed (Marsh 1999; Heros et al. 1986; 
Bao and Ling 1997; Merland et al. 1992; Grote and Voigt 1999; Anson and 
Spetzler 1992; Malis 1982a; Spetzler et al. 2002; Feng et al. 1999). These au- 
thors divide SCAVSs into subgroups based on descriptive morphological 
data; however, their descriptions tend to pigeonhole the SCAVSs into static 
entities. 

The files of 155 consecutive patients (adult and children) with SCAVS 
shunts were analyzed retrospectively (Rodesch et al. 2002). Only intra- 
dural vascular malformations (spinal cord, radicular, or filum terminale 
lesions) were taken into consideration. SCAVSs were examined according 
to their number (single or multiple), their gross aspect (arteriovenous fis- 
tulae, arteriovenous malformations, or nidus type) (Table 1 1 .4), their link 
to possibly associated metameric disorders (involvement of the spinal 
cord, bone, paraspinal, subcutaneous, and skin tissues in the same spinal 
segment), and their myelomere location. During embryogenesis, each 
spinal nerve receives a radicular artery that nourishes both anterior and 
posterior nerve roots. The central end of the artery will supply the corre- 
sponding neural tube segment (myelomere) to which the nerve roots are 
connected. The level at which the radicular artery joins the cord points to 
the origin of the nerve root and to the myelomere origin; the junction be- 
tween the radicular segment and the cord segment indicates the myelom- 
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Fig. 11.21A-D. Spinal arterio- 
venous metameric syndrome 
21/23. Thigh arteriovenous 
malformation (AVM) noted at 
the age of 21. Four years later 
the patient developed spinal 
claudication. At the age of 17, 
weakness of lower limbs and 
difficulties in urination and 
spastic paraparesis at presenta- 
tion lasting 2 months, which 
had worsened over the preced- 
ing 24 h. Severe paraplegia was 
noted with fixed sensory level 
at T10-T11. CT arteriogram 
shows two separate lesions 
at LI and L3 (A). SCAVM with 
spinal lesion at LI; limb an- 
giogram shows AVM of the 
thigh in the territory of L3 
(B-D). No evidence of hemato- 
myelia. Anticoagulation was 
given and the patient remains 
severely handicapped. (Cour- 
tesy of J. Meisel) 








Classification of Spinal Cord Arteriovenous Malformations 769 



Table 11.4. Incidence of SCAVMs versus SCAVFs in 97 
patients (from Rosenblum et al. 1987b; Berenstein and 
Lasjaunias 1992) 





n 


% 


SCAVMs 


79 


81 


SCAVFs 


18 


19 


Total 


97 


100 



SCAVM, spinal cord arteriovenous malformation; SCAVF, 
spinal cord arteriovenous fistula. 



ere cord level (Matsumaru et al. 1999; Vol. 1, Chap. 1). The classification is 
derived from this framework. 

The classification that we support separates SCAVSs into three groups: 

1. The first group encompasses single shunts caused by a genetic heredi- 
tary disorder. In these circumstances, the vascular cells are affected 
by the disease at the germinal stage. The main syndrome in which ge- 
netic links can be recognized is hereditary hemorrhagic telangiecta- 
sia (HHT), or Rendu-Osler- Weber disease (ROW). It is an autosomal 
dominant disease where to date two genotypes have been recognized 
(HHT1, HHT2). The impact of the disorder on the venous endothelial 
cells outlines the role played by the veins as the primary target in the 
development of AVMs (Lasjaunias 1997a). 

SCAVSs associated with ROW are almost always single MAVFs, 
(Fig. 11.16), in particular in the pediatric population. Multiple SCAVSs 
were never related to ROW in the Rodesch et al. (2002) series. Indeed, 
the telangiectasias classically described in ROW appear at later ages 
and MAVFs may be the first expression of the disease in children. The 
discovery of a MAVF should therefore always raise the possibility of 
this underlying genetic hereditary disease (Mandzia et al. 1999; Garcia 
Monaco et al. 1995; Coubes et al. 1996). 

2. The second group involves multiple SCAVSs; they are not related to a 
hereditary disorder but may potentially share metameric links (genet- 
ic somatic). These metameric links have been described in detail in 
previous papers (Benhaiem Sigaux et al. 1985; Matsumaru et al. 1999; 
Nimii et al. 1998). The detailed analysis of the vascular anatomy will 
confirm the potential relationship between the lesions. Any disorder 
that affects mother cells very early in their biological and/or embryon- 
ic life can affect the organs to which these cells migrate, even after they 
have acquired their phenotypic specificity. Any secondary trigger may 
then bring these abnormal cells from a quiescent to a more active state, 
where they will express the disorder (Vol. 1). Thus, the type of lesion 
will not predict the date of its creation nor the date of its appearance. 
Two types can be observed: 

- Multiple shunts with a clear metameric disposition (Fig. 1 1.22). They 
involve several myelomeres of the cord (multimyelomere AVMs), 
both on the cord and intradural nervous roots (either AVFs or AVMs). 
The association of SCAVSs and radicular AVSs is metameric if 
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Fig. 11.22A-D. Spinal arterio- 
venous metameric syndrome 
17/18. T10 injections bilaterally 
with involvement of the T10 
vertebra (A, B) and correspon- 
ding spinal cord (C, D) 
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Fig. 11.23A-C. Klippel-Tre- 
naunay syndrome. A Injection 
of the right internal iliac artery 
shows multiple dysplastic 
aneurysms on the radiculo- 
medullary artery (arrows). 

B Injection of T10 shows the 
anterior spinal artery supplying 
an extensive vascular malfor- 
mation with evidence of a dys- 
plastic aneurysm in the distal 
anterior spinal artery (arrow). 

C Angiographic examination 
of the foot in the same patient 
shows multiple dysplasia but 
no arteriovenous fistula. (Cour- 
tesy of R. Piske) 
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Fig. 1 1.24A-C. MRI of a mi- 
crovascular malformation that 
shows evidence of a previous 
event, namely, a cavity in the 
mid-cervical region. A Sagittal 
MRI demonstrates a signal void 
in a longitudinal aspect repre- 
senting an intramedullary cavi- 
ty (arrows). B Early and C later 
phases (frontal view) of the 
ascending cervical injection, 
which demonstrates a small 
vascular malformation (arrow) 
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Fig. 11.25. A, B Radicular nerve arteriovenous malformation developed on the left 
C2 nerve. C Anatomical preparation at the same level. (Courtesy of B. Vallee) 



the myelomere involved with the SCAVS corresponds to that of the 
nerve involved. Cobb syndrome belongs to this metameric category 
and corresponds to the spinal arteriovenous metameric syndromes 
(SAMS). Depending on its location and involvement at the vertebral 
and metameric levels, it can be numbered from 1 to 31 (Figs. 11.19, 
11.21, 11.23, p. 771). 

- Multiple shunts where the metameric disposition cannot be defini- 
tively demonstrated but is strongly suspected. In these cases, the 
SCAVSs are associated with a limb vascular malformation (Figs. 11.21, 
11.23). In the overall population of SCAVMs, more than 20% of pa- 
tients have associated other vascular malformations or dysplasias 
(Berenstein et al. 1990; Rodesch et al. 2002; Nimii et al. 1998) and up 
to 16% had clear metamerically related multiple lesions (Matsumaru 
et al. 1999). 

- The third group concerns single lesions, either AVMs or mAVFs. This 
group may perhaps reflect the incomplete expression of one of the pre- 
viously described situations. The lesions are located in the intradural 
compartment, on either one of the intradural nervous structures, cord 
(Fig. 11.24), root (Fig. 11.25), and filum (Fig. 11.26). 
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Fig. 11.26A-C. Arteriovenous 
fistula of the filum. A Selective 
injection of the left T7 fills the 
radiculomedullary artery, 
which shows the arteriovenous 
fistula at the level of the filum 
terminale ( arrowhead ). B Later 
phase of the same injection 
shows the level of the fistula 
( arrowhead ) and the ascending 
venous drainage, similar to 
those seen with spinal dural 
arteriovenous fistulae. C Myelo- 
gram in the same patient 
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11.3.2 Angioarchitecture 

As in cerebral AVMs, proper analysis of SCAVMs is necessary to differ- 
entiate the primary malformation from other features, which reflect the 
arterial or venous host response over time. Although there is substantial 
information available on the anatomical, surgical, and angiographic as- 
pects of cerebral AVMs, the incidence of SCAVMs is low and these le- 
sions are rarely surgically accessible, with potentially hidden compart- 
ments in intramedullary and ventrally located lesions. Due to these lim- 
itations, most SCAVMs are poorly described in the available literature. 
The concentration of large numbers of patients with SCAVMs in a few 
neuroradiological centers has facilitated more homogeneous data col- 
lection. 

The angioarchitecture presented here describes elementary features 
that can be recognized at the time of selective angiography in almost 
all central venous system (CNS) vascular malformations. These features 
include both the primary AVM arrangement as well as their acute and 
chronic impact on the adjacent feeding and draining vessels and the 
spinal cord parenchyma. 



7 1.3.2. 1 Arterial Features 

The peri- and intramedullary anastomoses of the arteries of the spinal 
cord make it possible for SCAVM to be angiographically visualized via 
different sources. Lateral views are often of poor quality and frequently do 
not provide more information than high-quality frontal projections when 
properly interpreted. Arterial variants are not as easily identified as in the 
brain and they occur less frequently. Phrenospinal, bronchospinal, and 
sacrospinal common trunks can be found, but they are within the usual 
anatomical variability of the system far from the spinal cord (see Vol. 1). 
Special radicular contributions to the cord supply and unfused segments 
of the ventral spinal artery are the most frequent type of variants en- 
countered. An intrinsic longitudinal spinal cord arterial network is some- 
times opacified in SCAVMs (Fig. 11.27). 

The anatomical characteristics of a feeding artery may help in identi- 
fying the myelomere location of the lesion (Fig. 11.28, p. 778). However, 
the presence of axial and longitudinal, intrinsic and extrinsic, arterial 
anastomosis (see Vol. 1) can make the angiographic diagnosis of intra- 
versus extramedullary location sometimes confusing. MRI studies have 
brought some complementary information to more accurately localize 
the SCAVMs in relation to the cord tissue and the meningeal spaces. 

Arterial steal in SCAVMs, although theoretically possible, can only be 
discussed in correlation with the anatomical disposition of the individual 
arterial territories. Today’s capability for early diagnosis of SCAVM, par- 
ticularly in children, has demonstrated that many high-flow lesions were 
discovered before they actually bled. In contrast, patients with slow-flow 
lesions, such as the filum terminale lesions, tend to present with progres- 
sive ischemic syndromes secondary to venous hypertension, similar to 
SDAVS (see Chap. 12, this volume). 
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Fig. 11.27A-F. Pseudoaneurysm with hemorrhage. A Sagittal MRI Tl-weighted im- 
age shows bilobed increased signal in the region of the pseudoaneurysm. B Axial 
view at the same level demonstrates that the spinal cord is displaced to the left by the 
pseudoaneurysm (a). C-F see pp. 777, 778 
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Fig. 11.27 ( continued ). C Injection of the right supreme intercostal artery demon- 
strates displacement of the spinal cord from right to left with a bilobed irregular 
aneurysm (arrow). Also note the intrinsic longitudinal anastomotic system ( small 
arrows). D Injection of the contralateral artery of the cervical enlargement showing 
the radiculomedullary artery displacement and contribution and the left dorsal 
radiculopial artery ( curved arrow) supplying the right posterolateral aspect of the 
malformation. Note the displacement of the distal anterior spinal artery (arrow- 
heads). E Superselective catheterization of the radiculomedullary artery feeding both 
the pseudoaneurysm and the malformation. F see p. 778 



Direct versus indirect supply is difficult to differentiate at the spinal 
cord level. In fact, one often associates direct supply with the larger 
branch entering the AVM at each division of the arterial tree. Indirect 
supply represents AVM feeders whose caliber is smaller and which also 
feed normal adjacent territories (Fig. 1 1.29, pp. 779,780; Fig. 14.130,p. 781). 
This feature is important since indirect supply probably relates to a sec- 
ondary phenomenon, i.e., an adjacent sump effect and subsequent local 
collateral circulation recruitment. As seen in other territories, these sec- 
ondary phenomena could be reversible following embolization of direct 
feeders as long as the arteriovenous shunt itself is occluded (Fig. 11.30). 
Otherwise, the indirect feeders become the only source of residual supply 
to the lesion. In some instances, an indirect supply may allow easier or 
safer navigation to reach the nidus than a highly tortuous one arising 
from a difficult radicular artery. In most publications, AVM feeders are 
confused with sources of AVM opacification. 
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Fig. 11.27 ( continued ). F Follow-up after embolization (IBCA) in which the aneu- 
rysm was occluded. Intrinsic network in a spinal cord arteriovenous malformation. 
Frontal subtraction angiogram of the supreme intercostal artery on the right side 
fills the spinomedullary artery with hypertrophy of the intrinsic network ( arrows ) 



Fig. 11.28. Myelomere topogra- 
phy and metameric spinal cord 
arteriovenous malformations. 
(Matsumaru et al. 1999) 



Fig. 11.29A-H. High-flow dorsolateral spinal arteriovenous fistula (AVF) of the ► 
conus in a 25-year-old female patient who presented with spinal hemorrhage. She 
was partially treated through the right dorsal radiculopial feeder (A), returned 
2 years later with a progressive myelopathy characteristic of a spinal dural AVF 
(SDAVF), and showed a SDAVF of the sacrum draining cephalad and into the anteri- 
or spinal vein, which also drained the remaining malformation (E, F). A Selective in- 
jection of the T12 intercostal artery feeding the right dorsal radiculopial artery, 
which supplies the lesion at the posterior lateral aspect of the conus ( arrowhead ). 
Note filling of the anterior spinal artery (ASA) via retrocorporeal anastomoses of the 
opposite side; the curved arrow points to the anastomosis with the ascending anteri- 
or spinal axis. B Injection of the right T9 intercostal artery, which supplies a dorsal 
radiculopial artery ( small arrow) and contributes to the anterior spinal axis ( large 
arrow). Note the change in vessel caliber at the lower anastomosis ( curved arrow) and 
filling of the dorsolateral fistula ( arrowhead ). C Left T12 injection after embolization 
of the right dorsal radiculopial spinal artery with IBCA. Note better filling of the re- 
maining fistula ( arrowhead ) compared to B. D Two-year follow-up angiogram after 
the patient presented with progressive myelopathy. Injection of the right T9 inter- 
costal artery shows the anterior spinal axis. Note the significant decrease in caliber of 
the lower ASA segment ( curved arrow). There has been regression of the remaining 
fistula with a slow-flow shunt ( arrowhead ). E-H p. 780 
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Fig. 11.29 A-D. 

Legend see p. 778 
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Fig. 1 1.29 ( continued ). E Later phase of the same injection as D shows the ascending 
anterior spinal vein (arrow). F Late phase of the left internal iliac injection where a 
SDAVF is now present (not present before). Note the ascending venous drainage 
( curved arrow) and the venous anastomosis to the same site of fistulization demon- 
strated in D ( arrowhead ) and E (arrow). G Follow-up angiogram of the right T9 in- 
tercostal artery and H of the T12 intercostal artery on the right after embolization of 
the SDAVF on the left lateral sacral artery. Note disappearance of the shunt (compare 
to D) and retrograde filling of the radiculomedullary contribution to the ASA 



Fig. 11.30A-D. Direct versus indirect supply in an arteriovenous malformation of ► 
the spinal arteries. A Mid-arterial phase of the selective injection of the left LI lum- 
bar artery demonstrates the dorsal radiculopial artery on the left (long arrow). Note 
partial filling of the right dorsal radiculopial artery (double arrow). B Selective in- 
jection of the right LI lumbar artery shows filling of the right dorsal radiculopial ar- 
tery (double arrow), which also fills the malformation. Note filling of the left dorsal 
radiculopial artery (arrow) via retrocorporeal anastomosis. C Superselective injec- 
tion of the left dorsal radiculopial artery shows the direct supply to the malformation 
and was used for embolization. D Follow-up postembolization (IBCA) angiogram of 
the right side shows preservation of the right side dorsal radiculopial artery and the 
pial anastomosis to the left side, representing indirect supply to the malformation 
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C 




Fig. 11.30 A-D. 

Legend see p. 780 
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■4 Fig. 11.31. A Selective injection of the right T9 intercostal artery shows the radicu- 
lopial artery filling a high-flow vascular malformation with a large venous aneurysm 
(arrow). B Selective injection of the right radiculopial artery ( double arrow) supply- 
ing the lower portion of the malformation. There is no filling of the aneurysm, but 
there is similar venous drainage. Also note filling of the normal anterior spinal axis 
(small arrows). C More selective injection of the T9 dorsal radiculopial contribution 
clearly defines the arteriovenous fistulization and direct filling of the venous 
aneurysm. D Radiopaque cast of the IBCA (arrowheads) obtained from this em- 
bolization (and lipiodol droplets from previous myelographic examination). E Fol- 
low-up of right LI demonstrates the remaining multifocal malformation. There is no 
filling of the venous aneurysm. Note the better opacification of the anterior spinal 
artery (small arrows). F Superselective catheterization of the ventral radiculopial 
(and radiculomedullary) artery on the right shows nidus and its venous drainage. 
G Follow-up angiogram after the pial portion was embolized demonstrates the re- 
maining nidus (arrowheads) from a lower contribution and preservation of the ante- 
rior spinal axis (arrows). H Selective injection of the level below better demonstrates 
the remaining malformation supplied by a ventral radiculopial artery (arrow) 





784 11 Spinal Arteriovenous Malformations 



Although injection of many radicular arteries reaching the pial network 
around the cord may visualize a SCAVM, this does not necessarily mean 
either direct or indirect supply to the lesion (Fig. 11.31). This arrangement 
is analogous to the injection of the vertebral and the carotid arteries, both 
demonstrating opacification of an arteriovenous fistula of the posterior 
cerebral artery in a patient with a complete functional circle of Willis. For 
this reason we advocate describing AVSs according to their myelomere 
level because symptoms are easier to characterize and they can be better 
related to the available venous outlets (see SAMS; Fig. 11.28). 



7 7 . 3.2.2 Direct Arteriovenous Fistulae 

Direct arteriovenous fistulae are the simplest type of SCAVM. They are 
located on the surface of the cord and present in younger individuals 
(Figs. 11.32, 11.33). Multiple SCAVFs can occur. In most instances, the 
multifocal character of arteriovenous fistulae within a lesion can only be 
recognized after occlusion of one of them (see Sect. 11.5). 




Fig. 1 1.32A, B. Single-hole arteriovenous fistula of the lateral spinal artery (arrows). 
A Lateral and B frontal early phase. Note the large venous ectasias ( white circle) and 
the origin of the posterior inferior cerebellar artery (PICA) from C2 




Fig. 11.33A-G. Ventral arteri- 
ovenous fistula revealed by 
progressive peripheral neuro- 
logical deficit in a 24-year-old 
female patient. Arterial supply 
from ventral pial artery (A-D). 
E-G see p. 786 
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Fig. 11.33 (continued). Selective 
injection (E),NBCA emboliza- 
tion (F), and postembolization 
angiogram (G) 



11.3.2.3 High-Flow Angiopathy 

High-flow angiopathy is less frequently observed in high-flow angiopathy 
SCAVMs than in BAVMs. Occasionally, narrowed portions of enlarged an- 
terior spinal radicular arteries to an AVM or draining veins may be seen, 
often in their transdural portion. Pseudonarrowing can be seen to involve 
the anterior spinal artery supplying a SCAVM. This appearance is caused 
by the unopacified flow from merging radicular arteries as they enter the 
main arterial trunk to the lesion (Fig. 1 1.29) or as they penetrate the sub- 
pial space. A careful search for additional sources of supply in such cases 
usually reveals the responsible afferent radicular artery. 



7 1.3. 2.4 Arterial Aneurysms in Spinal Cord Arteriovenous Malformations 

The incidence of arterial aneurysms in spinal cord AVMs is difficult to as- 
sess from the literature. In a review of the literature up to 1980, Caroscio 
et al. (1980) found that of 30 reported patients, only three isolated aneu- 
rysms of the spinal arteries were seen. One additional patient was reported 
by Yonas et al. in 1980. In over 3,000 spinal angiograms reviewed by Djind- 
jian (1976), only one isolated aneurysm was found. Caroscio et al. (1980) 
found 12 patients with arterial dilatation of the spinal arteries associated 
with coarctation of the aorta (see Chap. 7 and Fig. 7.126, this volume). In 
their review of the literature, 14 patients, plus one of his own, had an 
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aneurysm that was associated with an AVM (Fig. 11.35). In seven in- 
stances, the AVM occurred in the cervical region, in five in the thoracic 
area, and in two at the lumbar level. Of these patients, 50% presented with 
subarachnoid hemorrhage, an incidence similar to the overall incidence 
of SCAVMs without demonstrable aneurysm. A complete block was found 
at myelography in an additional five patients. All but two patients were 
under 40 years of age; there was no gender difference. Miyamato et al. 
(1983) reported on two patients who had an arterial aneurysm associated 
with a SCAVM. Both patients presented with subarachnoid hemorrhage, 
and in both the arterial aneurysm disappeared after embolization. In 
1973, Di Chiro and Wener noted the almost constant presence of sub- 
arachnoid hemorrhage in the association of SCAVMs and arterial aneu- 
rysms. Our experience is more in line with that of Djindjian and Merland 
(1978), who found aneurysmal dilatation in 18 patients (20%). Eight of the 
diagnoses were confirmed histologically and ten were documented by an- 
giography. 

In fact, if one wants to compare flow-related arterial aneurysms in 
SCAVMs with aneurysms seen in BAVMs, one should expect to find these 
aneurysms on branches of the anterior or posterior axis (perforators, 
coronary system, etc.). In our series, such aneurysms were found most 
frequently in high-flow lesions, mainly located at the cervical level, or in 
patients with a previous history of spinal hemorrhage. Aneurysms en- 
countered on the radicular arteries (proximal aneurysms) are associated 
with repeated subarachnoid hemorrhage episodes (Figs. 7.120, 11.34). 
Some of these can be flow related or dysplastic (Fig. 1 1.35) when associat- 
ed with Klippel- Trenaunay syndrome, as observed in patients who pre- 
sented with subarachnoid hemorrhage (Fig. 11.23) or SAMS syndromes. 
As in the brain, flow-related arterial aneurysms can disappear following 
occlusion of the AVM. The differences in the hemodynamic conditions 
between the brain and the cord likely account for the rarity of flow-relat- 
ed arterial aneurysm in SCAVMs. 

Rupture of an arterial aneurysm can sometimes be documented as a 
pseudoaneurysm (Fig. 11.36,p. 790). Occasionally there maybe more than 
one arterial aneurysm (Fig. 11.37, p. 790; Fig. 11.38, p. 791). The pseudo- 
aneurysm may change in size and shape, although early recurrent hemor- 
rhage in SCAVM is extremely rare. Such changes demonstrate an unstable 
situation requiring treatment. In other instances, hemorrhage may lead to 
thrombosis of the lesion (Fig. 11.39,p. 791). Arterial aneurysm can be seen 
as an irregular dilatation proximal to the AVM; it can be suspected on the 
preliminary angiogram and/or MRI and documented by selective angiog- 
raphy. Aneurysms can be thrombosed directly, through collateral circula- 
tion or can thrombose after embolization of the AVM. 

Garcia et al. (1979) reported an isolated aneurysm in the anterior spinal 
artery of a pregnant woman; Vincent (1981) also reported on a pregnant 
woman with subarachnoid hemorrhage secondary to an anterior spinal 
artery aneurysm. Patients such as these likely had an acute thrombosis 
of the vein draining an arteriovenous fistula, leaving behind a residual 
pouch. The thrombosis results from hemorrhage on the venous side. 
When these patients are seen subsequently, the final diagnosis of rupture 
of an arterial aneurysm is mistakenly made (see also Fig. 7.126). 
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Fig. 1 1.34A-I. A 15-year-old female patient. Cervical spinal cord arteriovenous mal- 
formation (SCAVM) at C2-C3 revealed by subarachnoid hemorrhage and ex- 
tramedullary hematoma misinterpreted as hematomyelia. Right-sided hemiparesis 
with sphincter and respiratory problems. Typical subarachnoid aneurysm on the 
ventral nerve root (A). Two vessels were embolized via the anterior spinal artery 
(ASA) using the radiculomedullary access from below and above the SCAVM (same 
case as Fig. 7.120). B, C Eight-month follow-up after partial targeted embolization. No 
evidence of residual angiographic risk factors and significant decrease in the shunt. 
E-I see p. 789 
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Fig. 1 1.34 ( continued ). D-I 3-D angiography demonstrates the nidus, mostly super- 
ficial and dorsal to the cord. Incomplete clinical recovery 



◄ 

Fig. 11.35. Selective injection of the left T8 intercostal artery shows hypertrophy of 
the anterior spinal axis with multiple dysplastic aneurysms ( arrows ) and filling of a 
fistula of the filum terminale (arrowhead) 
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Fig. 11.36A-D. A 22-year-old male patient with recurrent episodes of subarachnoid 
hemorrhage from a spinal cord arteriovenous malformation with prominent radicu- 
lopial false aneurysm bulging into the subarachnoid space (A, B). Partial targeted 
embolization with NBCA was performed (C, D) 





Fig. 11.37. A Ascending cervical injection shows multiple aneurysms in the vicinity 
and within the nidus. B Lateral phase shows the extraspinal drainage and the venous 
aneurysms. C Left thyrocervical injection showing the contralateral radiculomedul- 
lary contribution to the malformation with similar venous drainage 
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Fig. 11.38. A Left vertebral artery injection in early arterial phase demonstrates the 
lateral spinal artery supplying an arteriovenous malformation with a high-flow 
fistula ( arrowhead ) in the cervical region. Note the flow-related arterial aneurysm 
(arrow). B Later phase showing the extensive nidus. C Follow-up angiogram after 
embolization. The subtracted IBCA cast of the lateral spinal artery (arrow) and the 
remaining anterior spinal artery venous drainage 



Fig. 11.39. A Angiographic 
examination of the supreme in- 
tercostal artery on the left 
shows an arteriovenous fistula 
supplied primarily by two 
branches of the dorsal radicu- 
lopial artery (arrow). Note 
filling of a pseudoaneurysm 
(arrowhead). B Follow-up 
angiogram after a repeated 
hemorrhage demonstrates 
spontaneous thrombosis of the 
malformation. There is preser- 
vation of the anterior spinal 
axis and thrombosis of the pos- 
terior spinal portion (double 
arrow). C Right vertebral artery 
injection shows the upper por- 
tion of the dorsal pial network 
(arrow) and the right anterior 
axis (arrowheads) 
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Fig. 11.40. A 16-year-old 
female patient with subarach- 
noid hemorrhage and subse- 
quent sensory motor paraple- 
gia as well as sphincter prob- 
lems from thoracic spinal cord 
arteriovenous malformation 
(A-C). The false aneurysm 
seems to have developed from 
the retromedullary pial 
network. Partial targeted em- 
bolization was performed 
(D, E) with complete exclusion 
of the sac (F, G). Almost com- 
plete recovery occurred with 
no recurrence; Karnofsky 
score, 90 



► 






Arterial Aneurysms in Spinal Cord Arteriovenous Malformations 793 



Fig. 11.40F, G. 

Legend see p. 792 




Thrombosed venous drainage in single-hole arteriovenous fistulae has 
been previously interpreted as an anterior spinal artery aneurysm on the 
basis of the angiographic ectasia and stagnation involving both the ante- 
rior spinal artery and the pouch (Djindjian et al. 1975). At surgery, how- 
ever, resection of the thrombosed venous outlet will allow proper diagno- 
sis. Shortly after a hemorrhage, a partially filled pseudoaneurysm may 
also mimic a spinal artery aneurysm. Again, careful analysis of the angio- 
graphic series should aim at disclosing venous filling of the remaining 
portion of the SCAVM. The features of these aneurysms are comparable 
to those presenting in the brain. 

Distal arterial aneurysms (AAs) are often seen at the time of an in- 
tramedullary hemorrhagic complication and should be considered as 
false AAs. They must be differentiated from venous pouches seen at or 
downstream from the arteriovenous junction (Fig. 1 1.37). The junction is 
usually easy to recognize and is marked by a clear increase in the caliber 
of the abnormal vessel (Fig. 7.121). This caliber change is particularly well 
demonstrated in single-hole arteriovenous fistulae, where it is often asso- 
ciated with venous ectasias. Dilatation in the vein draining SCAVMs is 
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infrequently seen (Fig. 11.40) and appears to be less common than in 
BAVMs, except in HHT1 patients. The relative absence of venous dilata- 
tion can be explained by the lack of anatomical barriers interfering with 
the spinal venous outflow in the subarachnoid space. Venous ectasias are, 
however, nearly constant in SCAVF in HHT1 patients or children with a 
similar arteriovenous architecture. 



11.3.2.5 Dural Supply 

Dural supply in SCAVMs is difficult to demonstrate angiographically, but 
may be similar to that seen in BAVMs, particularly in the rare instances of 
spinal dural adhesions following repeated hemorrhages or surgical inter- 
vention. Dural recruitment will occur at the level of the adhesions, where- 
as the supply to the SCAVM will always follow the rules of radicular sup- 
ply to the myelomere involved (see Vol. 1). The dural contribution maybe 
apparently dominant at the dural and extradural region in SAMS, in re- 
lation with the radicular foramen corresponding to the myelomere in- 
volved. 



11.3.2.6 Nidus 

The nidus arrangement proper is difficult to appreciate at the cord level. 
This difficulty is related to the axial, transmedullary (Fig. 1 1.41), arterioar- 
terial and venovenous anastomoses (Fig. 11.42,p. 796) and to the complex 
intrinsic and extrinsic longitudinal anastomoses (Fig. 11.43,p. 797). Anas- 
tomoses between the coronary- arranged pial arterial network (Fig. 11.44, 
p. 798; Fig. 1 1.45, p. 799) and the sulcal perforators create further obstacles 
to nidus visualization. For practical purposes, we have chosen to discuss 
only direct arteriovenous fistulae and nidus-associated lesions. 

Direct SCAVFs correspond to an anterior spinal or pial posterior spinal 
artery opening into a dominant anterior spinal or pial spinal cord vein. 
Arteriovenous fistulae supplied by the anterior spinal artery are often 
of the high-flow type and correspond to macro arteriovenous fistulae 
(MAVF), except when located on the filum. Microarteriovenous fistulae 
(mAVF) (Fig. 11.46, p. 800), when their flow is moderate or slow, are often 
misinterpreted as large arterial spinal arteries. The ventral (anterior) 
spinal cord vein is dorsal to the artery, thus deeply located within the ven- 
tral fissure (Fig. 11. 14), which makes some mAVF MRIs occult (Lasjaunias 
et al. 2001). Drainage into the anterior spinal vein is rapid, but high flow 
can involve the pial and radicular veins. Dorsal arteriovenous fistulae are 
usually of the slow-flow type. When located off the midline, they can be 
mistaken for SDAVFs, which also may present with congestive venous 
symptomatology (Fig. 11.47, p. 801). The dogma that lesions supplied by 
the anterior spinal artery are intramedullary is no longer valid: pial 
branches of the artery supply the surface of the cord ventrally, and trans- 
medullary perforating anastomoses (see Vol. 1) may in fact supply ex- 
tramedullary or retroextramedullary lesions (Fig. 11.41). 
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Fig. 11.41. Typical trans- 
medullary supply (A) to a 
largely extramedullary lesion 
shown by the pial supply 
(B, C) and the MRI (D) 






Nidus-arranged lesions may reproduce the compartmentalized aspect 
(Figs. 11.31, 11.44, 11.45), as described in tumors such as paragangliomas 
or cerebral AVMs. However, most SCAVMs seem to be single-compart- 
ment lesions: even if each feeder fills a different portion of the network, 
the venous outlet remains the same. In fact, we do not know if the conver- 
gence of communication or unrecognized compartments occurs at the 
nidus level or as part of the intrinsic venous anastomoses. Analysis of the 
venous drainage may help with the diagnoses of cervical (Figs. 11.34, 
14.134) or low thoracolumbar AVMs (Fig. 11.17), where transmedullary 
anastomoses are less frequent. 

In all regions, single anterior or posterior venous drainage corresponds 
to lesions involving the ventral and dorsal aspect of the cord, respectively. 
However, isolated posterior drainage may be seen in centrally located le- 
sions since the dorsal perforating veins drain the gray matter (see Vol. 1). 

Drainage involving both anterior and posterior veins of the cord can 
still be consistent with a limited and even superficial SCAVM. In this situ- 
ation, the AVM drains rapidly into a patent, transmedullary, venous anas- 
tomosis (Fig. 1 1.41). 
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Fig. 11.42. Transmedullary 
veins (A) in a case of a ventral- 
ly located spinal cord arteriove- 
nous malformation, as shown 
on lateral view vertebral 
angiogram (B) and sagittal 
MRI (C) 
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Fig. 11.43A, B. Pial network 
around the cord opacifies the 
ventral artery and the dorsal 
system. (Courtesy of R. Piske) 





Therefore, thrombosis of one of the venous outlets of a SCAVM can be 
suspected on the basis of a patent arterial supply to a compartment drain- 
ing in another venous system (i.e., dorsal pial arterial supply and ventral 
venous drainage). 

Coexisting arteriovenous fistula and nidus within a single SCAVM is 
possible. The advent of superselectivity and embolization within the 
spinal cord artery branches will help in delineating these intrinsic fea- 
tures. Some of the associated arteriovenous fistulae and nidi may appear 
separate and can be dealt with separately (Figs. 11.31, 11.45). Many of 
them belong to the group of multifocal spinal cord lesions and the re- 
maining ones to the multicompartment AVMs, in particular those with 
single or multimetamere involvement of the nidus (Fig. 11.21). 

Filum terminale arteriovenous shunts are usually of the mAVF type 
(Fig. 11.26, 11.48, p. 802; Fig. 11. 49, p. 803); they are exclusively supplied by 
the anterior spinal artery and they cannot receive supply from the radic- 
ular arteries since the filum is not subsegmented and does not give rise to 
spinal nerves. Only through its attachment at S1-S2 can dural supply be 
seen coming from the midline and from the middle sacral artery in filum 
AVMs (Hsu et al. 2002). Any caudal SCAVM receiving contribution from 
the lateral sacral artery is either radicular in location or at the cauda 
equina level. Lesions of the conus or those that involve a nerve root will re- 
cruit from the radicular and pial or anterior spinal artery supply. Filum le- 
sions can be managed by surgery, while the others are usually best treat- 
ed with the endovascular technique. 
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Fig. 11.44. Pial branches 
of the anterior spinal artery 
supplying the ventral funiculus 
(A), can (in two different pa- 
tients) opacify a single (B) or 
two separate arteriovenous 
shunts (C) 
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Fig. 11.45. Pial branches of 
the anterior spinal artery (A) 
supplying the ventral funiculus 
and two separate spinal cord 
arteriovenous malformations 
with acute rupture and false 
aneurysm (B). Follow-up an- 
giogram after partial targeted 
NBCA embolization (C) 
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Nidus 801 




Fig. 11.47A-D. Dorsal superfi- 
cial microarteriovenous fistulae 
with clinical and MRI findings 
simulating a spinal cord arterio- 
venous fistula 





< Fig. 11.46A-H. Acute paraplegia with sensory level and sphincter dysfunction in a 
15-year-old girl. MRI findings (A, B) could correspond to either a thrombosed pouch 
or hematomyelia. At angiography (C, D), a microarteriovenous fistula of the ventral 
spinal artery was demonstrated. Embolization was performed via the ventral spinal 
artery (E, F). Six-month follow-up angiogram (G, H) after NBCA embolization shows 
remodeling of the vessels. Complete clinical recovery occurred 
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Fig. 11.48A.B. Arteriovenous 
fistula of the filum terminale 
supplied by the anterior spinal 
artery (thin arrow). A Arterial 
phase showing the site of fis- 
tulization ( arrowhead ). B Late 
phase shows the ascending ve- 
nous drainage (arrow) 



11.3.2.7 Veins 

Various aspects of the venous drainage of SCAVMs have been mentioned 
previously. The relatively slow flow and the unique intrinsic venous net- 
work of the spinal cord make any attempt to fully explain and understand 
the pathophysiology of these lesions based on venous patterns alone un- 
reliable. Congenital variations of the venodural junction and their tribu- 
taries are poorly understood and such variants are rarely described in the 
neuroradiological literature. The available radioanatomical data do not 
allow for an accurate correlation between the anatomy of the extraspinal 
venous system and the pathophysiology of certain spinal cord syndromes. 

The venous drainage of some vascular malformations toward the in- 
tracranial circulation maybe sufficient to produce signs and symptoms of 
a space-occupying lesion (Di Chiro and Doppman 1970) or result in signs 
and symptoms of intracranial pathology (Djinjian 1970b). This further 
supports the role of venous hypertension in the production of remote 
neurological symptoms or hemorrhage. Seen primarily in association 
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Fig. 11.49A-D. Typical filum terminale arteriovenous malformation with direct ar- 
teriovenous fistula. (Courtesy of S. Pongpech) 



with cervical AVMs, such symptoms may include intracranial subarach- 
noid hemorrhage secondary to rupture of an intracranial vein at the level 
of the anatomical restriction or hemorrhagic venous infarction; they 
mostly occur in children (see Vol. 3). 

The hemodynamics of SCAVMs evolve with time. The flow within the 
malformation, for example, can affect the drainage from adjacent areas of 
the CNS. Subsequent changes may be rheological in nature but may also 
produce structural changes in the vessel wall. Depending on the venous 
adaptations to such changes, thrombosis of the draining vein and/or ve- 
nous ectasia may result. These changes may manifest themselves as hem- 
orrhage, an acute thrombotic episode simulating an intraspinal hemor- 
rhage, or may occur more chronically, mimicking a tumor. The diagnosis 
of such thrombotic changes was formerly made only during direct surgi- 
cal intervention. CCT and/or MRI can show this occurrence for a preop- 
erative diagnosis (Figs. 11.15, 11.46, 1.47, 11.50). 

Occasionally patients benefit from the surgical removal of a large 
thrombosed sac (Cogen and Stein 1983). This applies mainly to high-flow 
fistulae in HHT1 patients and children (see Vol. 3). 

Progressive thrombosis of the spinal cord veins mimicking SDAVFs can 
also be seen in true SCAVMs; however, spontaneous thrombosis of a 
SCAVM rarely occurs and is usually associated with transient worsening 
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Fig. 11.50A-D. A 35-year-old 
male patient with rapidly pro- 
gressive sensory-motor deficit 
of the lower limbs. Dorsal 
spinal cord increased signal in 
relation to a superficial 
retromedullary spinal cord ar- 
teriovenous malformation 
(SCAVM) located at the level of 
the conus medullaris (A-D). 
Symptoms and MR examina- 
tions are similar to those en- 
countered in spinal dural arte- 
riovenous shunt (SDAVS),yet 
the vascular flow void signals 
are much less apparent in this 
case of SCAVM than when as- 
sociated with a SDAVS 



of symptoms (Figs. 11.47, 11.50). Anticoagulation can be given to limit the 
extent of the thrombosis and favor remodeling. 

One of our patients had progressive thrombosis of the spinal cord veins 
presenting 15 days after an initially successful embolization of a lumbar 
dorsal spinal cord arteriovenous fistula. The patient developed a progres- 
sive ascending myelopathy; repeat angiography was negative and the pa- 
tient died several months later. In retrospect, this course of events might 
have been avoided by systemic heparinization following deterioration of 
a treated lesion with compromised venous return (Fig. 11.51). 

Intraspinal hemorrhage as the cause of symptom aggravation must ob- 
viously be ruled out before starting anticoagulation therapy. It is also im- 
portant to differentiate an AVM producing venous hypertension from the 
presence of progressive thrombosis, as the former will benefit from arte- 
riovenous shunt occlusion but the latter will not. Prominent, descending, 
venous drainage in cervical or upper thoracic lesions, associated with 
scarce or absent opacification of the radicular venous exits, suggests the 
presence of significant venous outflow restriction and is an indication for 
postoperative use of systemic heparinization. Yet it is unlikely that venous 
infarction would lead to hemorrhagic conversion at the cord level (at least 
below the cervical spine) as it often does in the brain. The absence of he- 
morrhagic events with SDAVS testifies to this peculiar difference. Atrophy 
of the cord seems to be the result of chronic venous ischemia in adults, 
which it seldom produces in the adult brain. 

Venous pouches, ectasias, and kinking are commonly observed in 
SCAVMs (Figs. 11.31, 11.38, 11.51). 

Considering the little space available in the spinal canal, venous dilata- 
tion might be expected to mechanically compromise the cord (Kaufman 
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Fig. 11.51A-C. Posterolateral spinal arteriovenous fistula with venous outflow re- 
striction. A Selective injection of the left T10 intercostal artery shows the dorsal 
radiculopial artery on the right feeding a fistula. There is aneurysmal dilatation of the 
veins ( white circle). B Late phase of the same injection shows the marked venous 
congestion. Note the filling of the pial venous system with only one venous exit at T12 
(curved arrow). C Digital subtraction angiography image of the IBCA injection with 
occlusion of the fistula and the venous aneurysm 



et al. 1970). In our experience, there was seldom a direct anatomical rela- 
tionship between these dilatations (usually in high-flow lesions) and the 
level at which the symptoms occur. In fact, dilatation appears to indicate 
increased flow while obstacles to drainage suggest the presence of retro- 
grade congestion. Some of these ectasias may thrombose and mimic evi- 
dence of hematomyelia clinically and on MRI. Careful interpretation of all 
the available data, including angiography, will show the true intravascular 
nature of the clot. Most of these events will show abnormal MRI findings 
on Tl, T2 and FLAIR sequences and are often best shown on coronal im- 
aging of the spinal cord (Fig. 1 1.52). 

Congestion of radicular veins is often seen at the low cervical level and 
accounts for most of the brachial nerve deficits encountered in this loca- 
tion (Figs. 11.41, 11.53). Radicular veins are usually patent in comparison 
to SDAVS, where occlusion of the radicular veins is part and may be the 
cause of the disease (see Chap. 12, this volume). However, fibrotic changes 
of these veins with age may decrease their capacity to absorb the arterio- 
venous flow. 
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Fig. 11.52A-I. Acute onset of paraparesis in a 27-year-old female patient. Retro- 
medullary spinal cord arteriovenous malformation located at the level of the conus. 
MRI/MRA shows a partly thrombosed venous pouch (A-E). Curative embolization 
with NBCA was achieved with subsequent complete clinical recovery (F-I). (Cour- 
tesy of S. Pongpech) 
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Fig. 11.53A-F. Progressive sen- 
sory motor deficit in a 32-year- 
old female patient. Pseudomul- 
tifocal lesions in relation to 
perispinal nerve venous net- 
work before (A, B) and 1 year 
after embolization (C-F), ab- 
sence of venous congestion and 
normal venous phase to the 
cord. Complete clinical recov- 
ery. (Courtesy of S. Pongpech) 
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1 1 .3.3 Pretherapeutic Evaluation 

In the assessment of patients with SCAVM, pretherapeutic evaluation is 
divided into clinical assessment, noninvasive imaging modalities, and 
spinal angiography. 



7 7.3.3.7 Clinical Assessment 

A complete clinical history and physical examination is essential in the as- 
sessment of patients with suspected vascular disorders of the spinal cord. 
The neurological status needs to be accurately determined and will often 
need to be repeated in time to objectively establish stability or worsening 
of the neurological status. 

Pretherapeutic evaluation is then carried out and is indicated in all pa- 
tients, even those with incidentally discovered vascular malformations or 
those with permanent neurological deficits. Complete evaluation includes 
both noninvasive imaging techniques and angiographic examinations. 



7 7. 3.3.2 Noninvasive Imaging Modalities 

CT scanning and myelography no longer have a significant role in the ini- 
tial screening of suspected SCAVM, and plain films are usually of very 
limited interest. Plain CT with bone windows may demonstrate vertebral 
body erosion and assist in determining whether the lesion originates 
from the spinal canal or from the vertebral body (Figs. 11.7, 11.10, 11.11). 
Foramen enlargement may also suggest the presence of dilated venous 
structures compressing exiting nerve roots in patients with symptoms of 
radiculopathy. 

The great majority of patients referred for investigation of vascular 
pathology of the spinal cord require an MRI scan. Since the early reports 
by Doppman et al. (1987) and Dormont et al. (1987), MRI has become the 
modality of choice in the preliminary assessment of patients harboring 
SCAVMs or SCAVFs. T2-weighted images maybe more useful for smaller 
slow-flow lesions (Figs. 1 1.47, 11.50). Axial cuts show areas of low signal 
intensity in the center of the cord, which in a more T2-weighted study be- 
come high signal. These findings can be seen at multiple levels associated 
with cord atrophy. 

In patients with SCAVMs, MRI may be of great assistance in delineat- 
ing intramedullary pathologies such as bleeding within the spinal cord, 
intravascular thrombosis, intramedullary cavities, or atrophy (Figs. 1 1.27, 
11.52). MRI can also assist in demonstrating extraspinal extension of the 
SAMS (Fig. 11.9). Changes at a distance from the malformation may be 
present (Fig. 11.27) and may explain otherwise confusing neurological 
symptoms. MRI can supplement information obtained by other modali- 
ties but has significant limitations. It still remains limited in its ability to 
accurately locate the site of arteriovenous communication (Fig. 1 1.18), the 
nidus of a lesion, its intramedullary relationship, or its venous drainage 
(Figs. 11.46, 11.50, 11.52). 
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It is important to understand the pitfalls of this technique in the as- 
sessment of patients with vascular lesions of the spinal cord. These pri- 
marily relate to CSF pulsation artifacts that may produce images highly 
suggestive of spinal cord vascular lesions (Levy et al. 1988). This is of par- 
ticular importance in pediatric patients in whom such artifacts may lead 
to unnecessary angiographic exploration. On the other hand, if the study 
is negative or inconclusive and if the diagnosis is compatible with venous 
congestion from a small AVS draining into the ventral spinal cord vein an- 
giography should be done (Lasjaunias et al. 2001). For treatment plan- 
ning, spinal angiography still remains the study of choice. 



11.3.3.3 Angiography 

Angiography remains the gold standard in the diagnosis and treatment 
planning of vascular lesions of the spine and spinal cord. Spinal angiog- 
raphy is done under general anesthesia with controlled respiration. Neu- 
roleptic drugs are used only if SEP monitoring is done (Berenstein et al. 
1984b). An indwelling catheter in the urinary bladder is important for 
patient comfort, accurate fluid monitoring, and to obtain adequate vessel 
visualization, primarily when studying the sacral and lumbar areas. 
Three-dimensional pictures have been used in this pathology and may be 
of assistance in determining the relationship of the AVS to the bony and 
dural structures in SDAVFs (see Chap. 12, this volume) or in SCAVMs in 
demonstrating their location on the surface or within the spinal cord 
(Figs. 7.120, 7.121, 11.33, 11.34, 11.40). Spinal angiography is performed 
using different protocols at different institutions and may be guided by 
MRI. However, as in any other vascular study, a territorial approach must 
be undertaken. As a rule, the angiographic investigation must show both 
the pathology and the surrounding normal tissue (impact of the patholo- 
gy on the environment) to insure that the entire disease process has been 
properly studied. 

Catheterization of the various lumbar, intercostal, and/or brachio- 
cephalic pedicles is done in an orderly fashion. Preliminary radiographic 
examinations may be done with radiopaque markers placed in the skin 
of the back for identification of levels. Digital subtraction angiography 
(DSA) is performed to provide the best possible spatial resolution when a 
radiculopial or radiculomedullary artery is seen at fluoroscopy. Spinal an- 
giography requires the visualization of vessels in the 150-700 pm range. 
Furthermore, proper spinal cord angiography requires the visualization 
of spinal cord veins. Therefore, in contrast to global injections, only selec- 
tive injections will meet these criteria for proper vessel visualization. A 
variety of catheter configurations have been suggested for spinal angio- 
graphy: probably the most important technical recommendation is to be- 
come familiar with one type of catheter in order to ensure consistency 
(see Chap. 14, this volume). In screening SCAVMs, the catheterization of 
the segmental artery (intercostal, lumbar, or sacral) should be achieved as 
close as possible of the origin of the dorsospinal division to avoid bony 
opacification and superposition or reflux in the aorta. On some occasions, 
catheterization of the ostia may be very difficult via the femoral route, and 
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an axillary approach maybe necessary. This is an important consideration 
if very distal catheterization is needed for endovascular treatment in the 
older population, especially if the anatomy is tortuous and difficult. For 
subselective catheterization, primarily for endovascular treatment or 
provocative testing, the use of coaxial systems with variable stiffness mi- 
crocatheter assembly systems is necessary. In high-flow vascular lesions, 
if the malformation involves the spinal cord or extramedullary space, sup- 
ply is usually from medullary arteries. Therefore, the potential supply to 
the SCAVM must be studied based on the information derived from the 
MRI. Exhaustive study of all 62 potential sources of supply to the cord are 
most of the time unnecessary. 

As in all other anatomical areas, the angiographic examination must 
outline the normal vasculature around the vascular pathology to ensure 
that the full extent of the lesion is visualized and the effect of the lesion on 
the remainder of the spinal cord is understood, and in order to properly 
plan and monitor treatment. We strongly recommend selective angiogra- 
phy for this approach. In spinal angiography, the frontal view should be 
performed first. In most instances, this will suffice to determine the na- 
ture of a feeding vessel and to discern whether it belongs to the anterior 
or posterior spinal complex (see Vol. 1). The mass effect that displaces the 
spinal arteries may give a false impression of a midline or paramedian lo- 
cation. A lateral projection may be very useful in case of doubt or a com- 
plex mass effect with cord rotation from the lesion. Three-dimensional 
reconstructions at the cervical level may give eloquent pictures that can 
help with difficult anatomical situations (Fig. 11.34). In SCAVMs in gen- 
eral and in SCAVFs in particular, one can often reflux the contrast mate- 
rial through the lesion to opacify the various contributions from above or 
below the level of injection (Fig. 14.130). This maybe important informa- 
tion to plan both the best route to reach the lesion and an alternative route 
to either maximize the effect, redistribute blood flow, or control the result 
of embolization. Visualization of the various contributions to the anterior 
and pial spinal axes can also be evaluated with superselective studies 
(Figs. 11.29, 11.31) (Berenstein et al. 1984b; Theron et al. 1986). The com- 
plications of spinal angiography are primarily related to ischemic insults 
affecting the spinal cord. Such events may be related to either the acci- 
dental introduction of air or blood clot. 



11.4 Spinal Cord Hemodynamics 

Palleske cited by Jellinger (1972) compared blood flow in the brain with 
that of the spinal cord. He demonstrated that in both physiological and 
pathological conditions, the spinal and cerebral circulations react in a 
similar way. Most vasoactive substances, when used in physiological con- 
ditions, caused only brief changes in the circulation or had no effect what- 
soever. The same was true of anesthetics. Papaverine and its derivatives 
were found to cause a considerable increase in both cerebral and spinal 
cord blood flow. 

Epinephrine consistently caused a reduction in blood flow. These find- 
ings suggest that the reaction of the spinal cord and brain vasculature to 
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vasoactive substances is the same. In physiological conditions, compensa- 
tion for induced circulation alterations is rapidly achieved by autoregula- 
tory mechanisms similar in both brain and spinal cord. In pathological 
conditions, for example, experimental cord edema or spinal cord com- 
pression, the autoregulation of spinal cord hemodynamics fails, is dis- 
turbed, or even abolished. As autoregulation fails, blood flow depends 
mainly on the systemic circulation rate, blood pressure, and changes in 
tissue pressure. Crawford et al. (1980) demonstrated that the response of 
feline pial arterioles to norepinephrine confirmed the presence of nora- 
drenergic receptors on smooth muscle. He noted that sympathetic control 
of blood flow in the brain applied also to the spinal cord and could be 
blocked by phentolamine. Hickey et al. (1986) demonstrated the similari- 
ties between brain and spinal cord vascular dynamics in the rat. Autoreg- 
ulation curves for brain and spinal cord were identical, with an autoregu- 
latory range of 60-112 mmHg perfusion pressure. The use of vasoactive 
drugs, in an attempt to influence blood flow in the spinal cord, appears 
unlikely to be successful. Hypocapnia and epinephrine induce a certain 
increase in circulation in the damaged tissue secondary to a rise in vascu- 
lar resistance in the healthy tissue, while vascular resistance in the dam- 
aged tissue remains unchanged. 

Disturbances in venous drainage may also significantly decrease tissue 
perfusion, as is the case in SDAVFs. Decreased venous pressure is also not- 
ed during compression of the spinal cord by space-occupying lesions that 
produce regulatory disturbances in the venous system. Slow progressive 
compression can impair the venous circulation, causing decreased tissue 
perfusion. The experimental data suggest that, to improve spinal cord cir- 
culation, one needs to influence the total circulation of the cord and its 
surrounding vascular territories by removing the initiating mechanism of 
compression or edema in any pathological condition. 

Apnea or increased intrathoracic pressure will impair venous drainage 
of the large epidural venous plexus system, resulting in a reduction in the 
difference in the arteriovenous gradient within the spinal cord. The ve- 
nous portion of the vascular system is hemodynamically of greater sig- 
nificance for the spinal cord than for the cerebral circulation. This can be 
explained by the contra-gravity venous drainage of the spinal cord (below 
the heart level) as compared to that of the cerebral circulation. 



1 1 .4.1 Particular Forms of Spinal Cord Arteriovenous Malformations 

11.4.1.1 Spinal Cord Intradural Arteriovenous Fistulae 

Within the group of lesions recognized as SCAVMs, there is a specific 
group of direct arteriovenous fistulae (AVFs), which are supplied by the 
ventral spinal artery and/or dorsal spinal arteries without an intervening 
nidus. Although these lesions have been reported to be in the cord itself, 
in our experience they are subpial when ventral and directly fed by the an- 
terior spinal artery, and they are subarachnoid in location when they are 
fed by pial (posterior spinal) arteries (Heros 1986; Gueguen et al. 1987). 
These SCAVFs make up close to 20% of all SCAVMs (Table 11.4). There is 
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no gross gender difference. The age at onset of symptoms ranges from 
birth to 24 years of age, with a predominance in the second decade of life 
(Gueguen et al. 1987). SCAVFs were later classified and subclassified into 
different groups according to their own architecture (Merland et al. 1992; 
Mourier et al. 1993; Barrow 1994; Marsh 1999; Spetzler et al. 2002). 

Ectasia of the vein usually marks the transition point between artery 
and vein (Figs. 11.33, 11.40). The presentation of SCAVFs is most frequent 
in children and characterized by an acute onset, devastating neurological 
deficits, and poor prognosis if untreated, similar to what is seen in pa- 
tients with SCAVMs (see Vol. 3). When a SCAVF presents in childhood 
there is a high association with HHT1. However, none of our adult SCAVF 
patients had HHT and none of our HHT cases had multifocal lesions in- 
volving the cord. 

In the SCAVF population, two groups could be distinguished. The 
largest group of lesions (75%) corresponded to what can be described as 
micro-AVFs (mAVFs) with one (or more) slightly enlarged arteries feed- 
ing a shunt draining directly into congested pial veins. The other group of 
lesions are giant or macro-AVFs (MAVFs). One-third of the SCAVFs are 
diagnosed in the pediatric population (almost all MAVFs) and two-thirds 
occur in adults. 

Micro-AVFs 

Micro-AVFs (mAVFs) account for 90% of all adult SCAVFs. Of these, 10% 
were located in the cervical cord, 50% were found along the thoracic cord, 
and 40% in the lumbar region (two-thirds at the filum terminale). 

The cervical lesions present with progressive sensory deficits. Thoracic 
mAVFs are revealed mostly by hemorrhage (54%), two-thirds of these 
with hematomyelia and one-third with subarachnoid hemorrhage. Pro- 
gressive myelopathy was described in the other cases (46%). Conus 
mAVFs all manifested by progressive myelopathy. None of the filum ter- 
minale mAVFs bled: 80% presented with progressive symptoms and 20% 
with acute nonhemorrhagic paraplegia. 

Macro-AVFs 

Macro-AVFs (MAVFs) account for 10% of all SCAVFs. They are located 
either at the cervical or the lumber level. They presented with progressive 
motor and sensory disorders (including pain), but not hemorrhage as the 
initial symptom. Overall hemorrhage during the course of the disease is 
seen in 27% of the adults (Nimii et al. 2000; Rodesch et al. 2002). 

In both series, transarterial embolization was the preferred treatment 
method, and in none of the MAVFs was the surgical option felt to be ap- 
propriate. In these series, 88% were actually embolized MAVFs and 71% 
were cured, while in the 29% the lesion was obliterated by more than 75%. 
None of these treated patients worsened after endovascular therapy. All 
improved significantly and 71% became neurologically normal. 

We have not observed a mAVF increase in size to become a MAVF, nor 
have we seen a MAVF spontaneously thrombosed or regressed to become 
a mAVF unless it had been embolized. It is likely that both types of lesions 
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are different entities and behave differently in adults and children. Some 
lesions initially considered as intramedullary-type AVMs are simple 
mAVFs that reflux deeply into the ventral spinal or intrinsic veins and cre- 
ate a pseudonidus appearance. Postischemic, posthemorrhagic, or post- 
thrombotic angiogenesis may complicate the architecture of the shunt 
further. Targeted embolization toward the AVS transition area leads to 
complete exclusion of the lesion, with relief of the venous congestion and 
clinical improvement. 

The surgical experience in spinal cord vascular lesions, in particular in 
SCAVFs, has shown that finding the fistula site embedded between con- 
gested veins was particularly challenging, and that surgical eradication of 
the shunt was therefore associated with high morbidity (Mourier et al. 
1993; Touho et al. 1995). Surgery should be considered each time em- 
bolization appears to be associated with higher risk or is deemed to be 
technically unfeasible because of small feeders or tortuous long arteries 
far from the shunt such as in filum terminate lesions. 

Among the mAVFS, 46% were embolized during the first procedure. In 
22% transient complications occurred but resolved spontaneously in a 
short time. None of the embolized patients permanently worsened and 
none of them bled or rebled after embolization. The follow-up period be- 
tween the first consultation and the last consultation, or information after 
treatment obtained, ranges between 1 and 13 years (mean, 64 months). 
Because of anticipated technical difficulties with the endovascular ap- 
proach, 40% of mAVFs were operated on (100% of filum terminale le- 
sions). No deaths occurred in either group (Nimii and Berenstein 1999; 
Rodesch et al. 2002). 

To obtain lasting effects, embolization must be performed with a stable 
embolic agent: glue is the most appropriate material. Previous reports us- 
ing other embolic materials such as balloons (Riche et al. 1983; Ricolfi et 
al. 1997) or particles (Biondi et al. 1990; Hida 1999; Touho et al. 1995; 
Mourier et al. 1993) are less appropriate, with a higher rate of clinical com- 
plications or recanalization. Particles can sometimes be used in small 
slow-flow AVMs in order to complete the thrombosis (Nimii et al. 2000) 
and detachable coils may be useful in selected AVF cases (see Chap. 14, 
this volume). 

Retrograde thrombosis of spinal cord arteries has been reported after 
surgery (Heros 1986), and most of the time heparin was not needed. An- 
ticoagulation has been used in a few cases of mAVF that were associated 
with severe congestion of the pial venous plexuses along the cord, with no 
evidence of radicular venous outlets. Patients are usually managed by 
elevating the head of the bed to allow gravity to assist in decreasing the in- 
tradural venous pressure. Heparin was never required after embolization 
of MAVFs. 



7 7 . 4 . 7.2 Spinal Arteriovenous Metameric Syndromes 

The term “spinal arteriovenous metameric syndromes” (SAMS) is re- 
served for vascular malformations that extend beyond the ectodermal tis- 
sues and can involve the spinal cord, bony structures, paraspinal muscu- 
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lature, subcutaneous tissues, and skin in the same segment. SAMS lesions 
involve structures derived from two or more embryonic layers. One can 
describe 31 pairs of SAMSs depending on the segment involved. The name 
derives from the cerebral-facial arteriovenous metameric syndromes 
(CAMS) described by Bhattacharya et al. (2001). SAMSs are a spectrum 
that theoretically can affect all derivatives of a single segment. Most often 
it is incompletely expressed. The anatomical variations derived from the 
various embryological origins of each segment do not always clearly de- 
fine the exact boundaries, similar to what is seen in cerebral-facial venous 
metameric syndromes (SVMS) when pertaining the Sturge-Weber syn- 
drome. SAMSs correspond in part to what was previously described as 
Cobb syndrome. The term “Cobb syndrome” comes from the triad of 
skin, bone, and spinal cord involvement, also called cutaneous vertebral 
medullary angiomatosis (Djindjian et al. 1971a, b; Pia 1978; Serze et al. 
1966; Kissel and Dureux 1972). 

The presence of a skin vascular malformation, although suggestive of 
spinal cord myelomere involvement, may also be a separate dysplastic 
skin lesion (Djindjian 1976, 1969; Rosenblum et al. 1987; Doppman et al. 
1968a). Involvement of all layers was seen in two patients with metamer- 
ic lesions in Djindjian’s series, constituting 2% of all his SCAVM patients 
or 17% of the 12 with metameric lesions. In Doppman’s original 28 pa- 
tients, in addition to the six (21%) with metameric cutaneous lesions, 
five patients (18%) had cutaneous vascular malformations that were not 
metameric, and two had vascular malformations at other locations 
(Table 11.6). Some cutaneous vascular lesions maybe prominent venous 
drainage of a larger deep malformation. Such lesions often change in ap- 
pearance with changes in intra-abdominal pressure such as those caused 
by the Valsalva maneuver (Doppman et al. 1968a, b), which, when per- 
formed, may assist in recognition. 

SAMS lesions may be clinically apparent from the cutaneous vascular 
malformation. This usually is of the capillary or arterial type and fre- 
quently has fistulization and high-flow characteristics; therefore a bruit is 
often present. 

The frequency of multiple lesions was found to be as high as 19% of 
SCAVMs in Matsumaru’s series (Tables 11.4, 11.5), which included adults 



Table 11.5. Incidence of SDAVFs, SCAVMs 3 , and metameric AVMs in 296 patients 
(1990) 



Series 


SDAVFs 


SCAVMs 3 


Metameric 

AVMs 


Total 


Djindjian (1978) 


46 


74 


10 


130 


Rosenblum et al. (1987b) 


27 


51 


3 


81 


Berenstein and Lasjaunias (1992) 


31 


50 


4 


85 


Total 


104 (35%) 


175 (59%) 


17 (6%) 


296 (100%) 



SDAVF, spinal dural arteriovenous fistula; SCAVM, spinal cord arteriovenous mal- 
formation; SCAVF, spinal cord arteriovenous fistula; AVM, arteriovenous malforma- 
tion. 

3 Includes SCAVMs and SCAVFs. 
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and children. The age at referral ranged from 1 1 months to 44 years, with 
a mean age of 21 years. There was a 2:1 male-to-female ratio. Lesions were 
equally located in the cervical, thoracic, and lumbar or conus medullaris 
regions. 

The associated lesions included vertebral vascular malformations 
(Fig. 11.54), cutaneous (Fig. 11.55), limbs (Fig. 11.22), radicular AVMs 
(Figs. 11.18, 11.25, 11.56), bifocal SCAVMs (Fig. 11.7), and bifocal meta- 
meric cord lesion associated with vertebral and limb localization 
(Fig. 11.21). Various “syndrome associations” are noted as Klippel- Tre- 
naunay (Fig. 1 1.22) and Parkes- Weber (Fig. 1 1.21). 

In our recent SCAVMs series, the incidence of multiple vascular lesions 
was higher than a few years ago, in particular the multifocal intradural 
ones (Meisel 1995). Metameric distribution was the most frequent type of 
multiplicity. Identification of the myelomere level involved in SCAVM 
makes it possible to discuss segmental links between various lesions. 

Multifocal SCAVMs are exceptional compared to multifocal cerebral 
AVMs (see Chap. 9, this volume). Willinsky (1990) reported that 18 (9%) 
patients among 203 cases of cerebral vascular lesions could be included in 
the multiple BAVM category. The number of multifocal intradural SCAV - 
Ms that do not correspond to multimyelomere lesions (multi-SAMS) is 
extremely low. Theoretically, HHT1 could be one of the disorders to be 
suspected; however, none of our patients with multifocal SCAVM present- 
ed with other findings of HHT or a family history favoring the diagnosis 
of HHT1. In the pediatric population, Iizuka et al. reported that 20% 
of SCAVMs to be multiple. In our series, 25% of patients were under the 
age of 15. 

Benhaiem-Sigaux et al. (1985) explained the association of the Klip- 
pel-Trenaunay syndrome and the SCAVM on a developmental basis. In 
fact, the segmented mesodermic origin of the endothelial cells establish- 
es the topographic link between these segmentally related targets. 

The association of SCAVM and radicular AVMs is rare and potentially 
metameric if the myelomere involved with the SCAVM corresponds to that 
of the nerve involved. In this situation, the radiculomedullary or radicu- 
lopial arteries supply the SCAVMs directly (as soon as they reach the cord 
surface), nourishing the radicular AVM (Fig. 11.57, p. 818; Fig. 11.58, p. 819). 
In other situations, the SCAVM nidus extends over several myelomere 
levels, allowing for different sources of supply for each lesion (Fig. 11.18). 

In cases with cervical spinal cord and cervical nerve involvement, the 
role played by the vertebral and cervical arteries has to be carefully ana- 
lyzed (Figs. 11.25, 11.56, 11.59, p. 820) to identify the associated lesions. 
False multifocal lesions can be diagnosed when an intradural radicular 
venous rete is seen in the vicinity of their transdural course (Fig. 11.41, 
11.53). However, MRI often fails to demonstrate the myelomere level, the 
associated radicular lesions, or the SCAVM multifocality. The absence of 
dural involvement is remarkable and must be related to the absence of 
dural sinuses at the spinal level. 

It is of particular importance to properly delineate the arterial supply 
and extent of the extraspinal and cutaneous lesions in relation to the 
SCAVM. Such anatomical information is essential for localization and, 
more importantly, for planning treatment. 



816 11 Spinal Arteriovenous Malformations 






Fig. 11.54A-E. Metameric spinal arteriovenous malformation (AVM) in a patient 
presenting with subarachnoid hemorrhage and a prominent bruit but no cutaneous 
manifestations. A Axial CT myelogram. Note the well-corticated impression on the 
posterior aspect of the vertebral body ( white arrows) and the involvement of the left 
pedicle ( curved white arrow). B CT myelogram at the level of the spinal cord demon- 
strates the filling defects noted on CT myelogram ( curved arrow). Note also the 
erosion of the posterior portion of the vertebral body ( white arrow). C Frontal angio- 
gram shows the anterior spinal axis (large arrow) supplying an AVM via sulcocom- 
misural arteries ( white arrows) and draining into the anterior spinal vein ( smaller 
arrow). D Note the extraspinal extension of the lesion beyond the vertebral body and 
the prominent extraspinal venous drainage to the azygos venous system (curved ar- 
row). E Contralateral side demonstrates the extraspinal vascular malformation and 
an ascending spinal cord artery (arrow) 
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Fig. 1 1.56A, B. Spinal arterio- 
venous metameric syndrome 
5/6. A Involvement of the C5 
vertebra and C6 nerve root (B) 
(Courtesy of R. Piske) 





Oq 
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Fig. 11.57A-C. Spinal arteriovenous metameric syndrome 3/4. A Involvement of the 
C3 vertebra (B) and corresponding spinal cord (C) 
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Fig. 1 1.58A-H. Spinal arteriovenous metameric syndrome 16/17. Involvement of the 
T9 vertebra and corresponding spinal cord at the myelomere T8-9 in a 20-year-old 
female patient presenting with acute onset of dorsal pain and moderate lower limb 
deficit. No evidence of hemorrhage. Injections of T7 (A, B) and T9 bilaterally (C, D). 
Injections of T8 (E, F), anterior and posterior 3-D views (G, H) 
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Fig. 11.59A-C. Spinal arteriovenous metameric syndrome 6/7. MRI shows soft tissue 
and cord involvement. Left metameric spinal arteriovenous malformation at C6 in a 
33-year-old woman with a 7-year history of back pain, numbness of the left leg ag- 
gravated during pregnancy that improved after delivery, 1 month of numbness of the 
left hand, pain in the left scapular area, weakness of intrinsic muscle of the left hand. 
(Courtesy of S. Pongpech) 



Patients with SAMS who present with spinal cord symptoms are dealt 
with in the same way as those with other SCAVMs. It is the spinal cord in- 
volvement that carries the greatest clinical and prognostic significance 
(Figs. 11.18, 11.21, 11.54). Treatment is therefore geared toward the 
SCAVM. 

In patients with symptoms related to the extraspinal AVM, treatment is 
directed specifically to that malformation. In other situations, the pres- 
ence of a high-flow muscular AVF fed by a segmental (intercostal or lum- 
bar artery) giving rise to the radiculomedullary artery may be the cause 
of cord symptoms (Rodesch et al. 1996). These are likely to be related to a 
steal syndrome, particularly when no SCAVM is present or when there is 
no pial venous retrograde congestion. The treatment of the muscle lesion 
alone will improve the symptoms. In some patients, the SAMS is incom- 
plete; the only expressed malformations are paraspinal and cutaneous 
without cord involvement (Figs. 11.7, 11.9, 11.11). With these vascular 
malformations that do not have spinal cord symptoms in relation to an as- 
sociated SCAVM, one must identify the supply to the normal spinal cord 
in order to best plan treatment and avoid accidental occlusion or ligation. 

Limb vascular lesions also require careful analysis. Klippel-Trenaunay 
and Parkes-Weber syndromes with, respectively, associated venous or ar- 
teriovenous malformations of the extremities are rare but justify spinal 
MRI screening to rule out associated SCAVM. 

In Djindjian’s series (1976), two patients had vertebral body heman- 
giomas at the same or other levels, three had Klippel-Trenaunay- Weber 
syndrome, two had a second AVM at another site, and one had associated 
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Table 11.6. Incidence of metameric and associated dysplasias in 192 patients with 
SCAVMs 



Series 


No. of 
patients 


Metameric 
lesions (%) 


ROW 

(%) 


Other dys- 
plasias or 
conditions (%) 


Associated 
lesions (%) 


Djindjian (1978) 


84 


12 a (14) 


7(8) 


ll b (13) 


30 (36) 


Rosenblum et al. 
(1987b) 


54 


4(7) 


1(2) 


9 C (17) 


14 (26) 


Berenstein and 
Lasjaunias (1992) 


54 


4(7) 


2(4) 


4 d (7) 


10 (19) 


Total 6 


192 


20 (10) 


10(5) 


24(13) 


54 (28) 



SCAVM, spinal cord arteriovenous malformation; ROW, Rendu-Osler- Weber syn- 
drome. 

a Two patients with Cobb syndrome. 

b Two patients had vertebral body hemangiomas at the same or different levels, two 
had Klippel- Trenaunay- Weber syndrome, two had a second arteriovenous malfor- 
mation at another site, and one each had associated neurofibromatosis, von Wille- 
brand’s disease, and Parkes-Weber syndrome. One patient had two metameric 
lesions and one patient had a facial vascular malformation. 
c Two patients had cerebral aneurysms, three patients had other arteriovenous mal- 
formations, two had vessel agenesis or hypoplasia, and one had Klippel-Trenau- 
nay- Weber syndrome. 

d One patient had a facial arteriovenous malformation, two had associated vertebral 
body hemangiomas, and one had neurofibromatosis. 
e In addition, in Doppman’s series of 28 patients, 6 (21%) had associated metameric, 
cutaneous, vascular malformations; 18 (5%) had cutaneous vascular malforma- 
tions that were unrelated and nonmetameric, and 2 (7%) had arteriovenous mal- 
formations at other locations, one in the right lung and the other in the liver and 
right kidney. 



neurofibromatosis, another von Willebrand’s disease, and a last one had 
Parkes-Weber syndrome. One patient had two metameric lesions, one 
had an associated facial vascular malformation, and two had Cobb syn- 
drome. In Rosenblum’s series (1987b), two patients had cerebral aneu- 
rysms, three had other AVMs, three had vessel agenesis or hypoplasia, 
and one had Klippel-Trenaunay- Weber syndrome. In our earliest series, 
associated lesions included facial AVM, vertebral body hemangiomas, 
Klippel-Trenaunay syndrome, neurofibromatosis, cutaneous angiomas 
of nonmetameric types, and AVMs at other locations (lung, liver, and 
kidney). 

Some of the pelvic and limb vascular lesions correspond to the expres- 
sion of the SAMS 23-31. Vertebral anomalies accompanying SCAVMs can 
include kyphosis or kyphoscoliosis, giving the so-called syndrome of ver- 
tebromedullary angiomatosis (Newman 1959). Additionally, there have 
been reports of association with other mesenchymal dysplasias, including 
some of the lymphatic system (Djindjian 1971a, b). The association of 
SCAVMs with various tumors has also been reported. These include he- 
mangioblastomas of the spinal cord or cerebellum (Djindjian 1971b; 
Guidetti and Fortuna 1967; Guillian et al. 1932; Jellinger et al. 1968; 
Wyburn-Mason 1943b; Dilenge et al. 1973),retinocerebellar angiomatosis 
(Di Chiro 1957), and ependymomas (Krieger 1972) (Table 11.6). 
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7 7 . 4 . 1.3 Associated Cerebral and Spinal Arteriovenous Malformations 

The coexistence of brain AVM (BAVM) with spinal cord AVM (SCAVM) is 
extremely rare (Figs. 11.60, 11.61) (Hash et al. 1975; Hoffman et al. 1976; 
Mizutani et al. 1992; Parkinson and West 1977; Tsurushima et al. 1995). 
A high incidence of multifocal AVMs of the central nervous system has 
been reported in patients with HHT disorder, and yet their association 
simultaneously affecting the cord and the brain is exceptional (Hasegawa 
et al. 1999; Moss et al. 1989). Mazighi et al. (2000) reported two cases of 
BAVM associated with SCAVM to illustrate the clinical situations and 
the therapeutic challenges encountered in one infant and one adult 
(Fig. 11.60; seeVol. 3). 

In this situation, HHT disorder should be suspected although arterio- 
venous shunts in the patient population associated with HHT are more 
often high-flow macrofistulae with giant venous ectasias. Furthermore, 
multiple lesions seen in HHT involve various metameric territories. If one 
estimates the SCAVM/BAVM ratio to be 10%, then the incidence of mul- 
tiple BAVM-SCAVM would be 1% in our SCAVM series and 0.1% in 
BAVMs. 






Fig. 11.60A-J. This female 
patient was 19 years old when 
referred to our institution. A 
complete embolization of the 
brain arteriovenous malforma- 
tion with glue was performed 
in two sessions (A-D). E-J 
see p. 823 
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Fig. 1 1.60 ( continued ). The spinal cord arteriovenous malformation (E-G) was second- 
arily totally embolized (H-J). The clinical outcome was excellent with no new symptoms 
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Fig. 11.61 A-G. A 22-year-old 
female patient with subarach- 
noid hemorrhage. Angiogram 
shows associated cerebellar and 
cervical cord arteriovenous 
malformations (SCAVMs; 

A-D). The respective angio- 
architecture suggested the 
SCAVM lesion was responsible. 
Partial targeted embolization 
via the ventral spinal artery 
was performed (E-G). (Cour- 
tesy of R. Piske) 
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Table 11.7. Sex distribution of SCAVMs in 192 patients 3 



Series 


Male (%) 


Female (%) 


Djindjian (1977) 


93 


45 


Rosenblum et al. (1987b) 


70 


30 


Lasjaunias and Berenstein (1992) 


53 


45 



SCAVM, spinal cord arteriovenous malformation. 
a Includes spinal cord arteriovenous fistulae and metameric lesions. 



Table 11.8. Age distribution in SDAVF and SCAVM patients at the time of diagnosis 
(w= 352) 



Series 


No. of 
patients 


SDAVFs 


Mean 


SCAVMs 


Mean 


Djindjian (1977) 


130 


34-73 


52 


3-57 


26 


Rosenblum et al. (1987b) 


81 


25-72 


49 


4-58 


27 


Berenstein and Lasjaunias (1992) 


81 


35-87 


56 


2-42 


22 


Symon et al. (1984) 


60 


29-75 


57 


14-40 


31 



SDAVF, spinal dural arteriovenous fistula; SCAVM, spinal cord arteriovenous mal- 
formation. 



11.4.2 Clinical Aspects 

7 7.4.2. 7 Natural History and Clinical Presentation 

SCAVM series that include adults and children have a slight male to fe- 
male predominance (Table 11.7); the mean age of presentation is in the 
mid-20s (Table 11.8), but in close to 20% of cases, the lesion is diagnosed 
in children under 16 years of age (Yasargil 1984). However, the initial 
symptoms are present in over 50% of patients prior to the age of 16. In the 
series of Rodesch et al. (2002) there was a male predominance in the pe- 
diatric group (80% boys and 20% girls), 20% of the overall population re- 
viewed. No statistically significant sex predominance is found in the adult 
population (52% males and 48% females). 

Spinal Hemorrhage 

The most striking symptom in the clinical presentation of SCAVMs is the 
high incidence of hemorrhage, which may be either subarachnoid or 
within the spinal cord itself (hematomyelia) and occurs in 50% of all 
SCAVM patients. The frequency of this clinical picture as the presenting 
symptom is likely to decrease with the increased availability of MRI ex- 
amination. Hemorrhage, and in particular hematomyelia, is associated 
with the onset of new, significant, and often devastating neurological 
deficits or with aggravating preexisting deficits. Hemorrhage is seen fre- 
quently in cervical lesions (Table 11.9) (Djindjian 1 978; Yasargil et al. 1984; 
Rosenblum et al. 1987b; Berenstein 1980). The differential diagnosis of 
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Table 11.9. Incidence of hemorrhage in 192 patients with SCAVMs 



Series 


No. of 
patients 


Cervical (%) 


Thoracic and 
lumbar (%) 


Djindjian (1977) 


130 


57 


36 


Berenstein and Lasjaunias (1992) 


54 


78 


37 


Yasargil et al. (1984) 


41 


58 


20 



SCAVM, spinal cord arteriovenous malformation. 



Table 11.10. Causes of spontaneous spinal subarachnoid hemorrhage and hemato- 
myelia (modified from Aminoff 1976) 

Spinal vascular malformations 
Cavernous malformations 

Tumors, e.g., ependymoma, neurofibroma, astrocytoma, meningeal sarcoma, 
hemangioblastoma 

Coarctation of the aorta 

Mycotic and other spinal artery aneurysms 

Polyarteritis nodosa 

Toxic infective states, e.g., typhoid fever, smallpox, anthrax, septicemia 
Blood dyscrasias 
Anticoagulant drugs 



spinal subarachnoid hemorrhage or hematomyelia is shown in Table 11.10. 
SCAVMs are the most frequent cause of spinal hemorrhage, while up to 
25% of patients with SCAVFs may also present with or subsequently suf- 
fer from hemorrhage. Similar results were observed in the NIH series 
(Rosenblum 1987a). 

Aminoff (1976) reported on 53 patients with SCAVMs who presented 
with bleeding and analyzed their subsequent course. Although he did not 
separate patients with SDAVFs from those with SCAVMs, we can roughly 
postulate that these 53 patients indeed had true SCAVMs. SDAVFs only 
bleed at the cervical level and they may still be included in the Aminoff se- 
ries (see Chap. 12, this volume). In this specific group of SCAVM patients, 
the age of presentation at the time of the first hemorrhage was less than 
20 years in 52% of patients. This is similar to Djindjian’s findings (1976). 
Interestingly enough, there was a significant and important delay between 
the hemorrhagic episode and the establishment of the diagnosis, a fre- 
quent occurrence in all publications. 

Of SCAVM patients who presented with hemorrhage, 75% had bleeding 
as the very first symptom and in the remaining 25%, there was a history 
of preexisting disturbance of the spinal cord or nerve root. 

The typical syndrome of spinal hemorrhage gives rise to severe pain, 
which frequently starts in the back (between the scapulae), and/or at the 
site of the rupture and then rapidly spreads to the rest of the back, the 
nuchal area, and to the legs. When hemorrhage is profuse or, in cervical le- 
sions, when blood passes toward the intracranial cavity, there may be 
headaches and disturbance of consciousness. In severe cases, head retrac- 
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Table 11.11. Incidence of hemorrhage and subsequent death in 53 patients with 
spinal cord arteriovenous malformations (from Aminoff 1976) 





Total patients (n) 


Patients with hemorrhage 






n 


% 


First hemorrhage 


53 


31 


58 


Death 




3 


6 


Second hemorrhage 


41 a 


22 


54 


Death 




4 


18 


More than two hemorrhages 


37 b 


9 


24 


Death 




1 


11 



a Five patients lost to follow-up after hemorrhage, three died from first hemorrhage 
and four were operated on, leaving patients with a risk of a second hemorrhage. 
b There were four deaths from second hemorrhage, leaving 37 patients with risk of 
more than two bleeds. The overall mortality from hemorrhage is 8/44 patients 
(18%, excluding the four patients who underwent surgery and in whom the risk of 
rebleed was eliminated, and the five patients who were lost to follow-up). 



tion and even opisthotonos in association with papilledema, cranial nerve 
palsies, and convulsions may be seen. The signs and symptoms can be so 
severe and rapid in their onset that they may be mistaken for intracranial 
subarachnoid hemorrhage. In other cases, limb weakness, sensory loss, 
and disorders of micturition or defecation may follow bleeding within the 
cord itself (hematomyelia) or may result from compression of the cord by 
a blood clot. We have also seen a patient with severe high cord dysfunc- 
tion, which caused respiratory muscle paralysis. 

Aminoff and Logue (1974, 1976) analyzed the outcome of first hemor- 
rhage, recurrence rate, and severity. However, they noted the difficulty of 
properly analyzing a small group of patients, including those who might 
have died from initial or subsequent hemorrhage without a SCAVM being 
recognized (Table 11.11). Out of 53 patients, three (6%) died within a few 
days of the initial bleed. In five of the remaining patients, no further de- 
tails were available. If, in addition, we exclude the four patients who were 
operated on at or within 1 month of their hemorrhage and in whom re- 
bleeding risk was eliminated, 41 patients remained with a risk of rebleed- 
ing. Of these, 22 (54%) had a second subarachnoid hemorrhage and four 
(18%) of these 22 died (9% of 41). Of the 18 patients surviving the second 
hemorrhage, nine had at least one additional hemorrhage. Another pa- 
tient (11%) died with more than two hemorrhages. 

Second hemorrhages occurred from within 24 h after the first episode 
to well over 5 years after the initial bleed. There was considerable varia- 
tion in the intervals between successive episodes in the same patient. 
Aminoff further analyzed the data and showed that the recurrence rate 
within the first month was nearly 10% and within 1 year 40%, which is 
significantly higher than the rebleed rate in BAVMs. 

The total mortality from subarachnoid hemorrhage resulting from 
SCAVM is difficult to assess accurately and can be estimated to be at least 
18%. Additional morbidity and mortality occur from hematomyelia 
(Table 11.12) 



828 1 1 Spinal Arteriovenous Malformations 



Table 11.12. Death from intraspinal hemorrhage secondary to spinal cord arterio- 
venous malformations 





Subarachnoid hemorrhage 

% 


Hematomyelia 

% 


Total 

% 


Aminoff (1976) 


18 


2.4 


20.5 


Gregarious a and 


11 


19 


30 


Weingarten (1970) 









a Autopsy series of 27 patients. In an additional 40% of autopsied patients, the cause 
of death was due too complications from neurological deficits (decubitis indirect 
ulcers, septicemia, urinary tract infections, etc. 



Hematomyelia 

The incidence of hematomyelia is difficult to ascertain. It is estimated to 
be close to 5%. The related mortality is historically estimated between 5% 
and 19%. However, these numbers do not reflect the currently available 
early diagnosis and treatment options. 

Aminoff (1976) reported on 13 patients (3%) with hematomyelia or 
cord compression among 421 patients with spinal angiomas. If we agree 
that 36% of these 421 patients had SDAVFs that did not bleed (see 
Table 11.12), the remaining 270 patients were those with true SCAVMs (a 
4.8% incidence of hematomyelia). In more than half of the patients, 
hematomyelia was documented only at autopsy. This suggests an addi- 
tional 2.4% overall mortality from hematomyelia, thus raising the total 
mortality from spinal hemorrhage in SCAVMs to at least 20.5%. Gregarius 
(1970), in an autopsy series of 27 patients with lethal untreated SCAVMs, 
found an 11% mortality from subarachnoid hemorrhage and 19% from 
hematomyelia, corresponding to an overall mortality of 30% from in- 
traspinal hemorrhage (Table 11.12). An additional 40% of his series died 
from indirect complications resulting from neurological deficits such as 
sepsis from decubitus ulcers and urinary tract infections. Most patients 
presented between ages 25 and 45, and at the time of death the most com- 
mon age group was 41-51 years. From the analysis of Djindjian’s series 
(1978), of 21 patients with cervical AVMs who were followed for up to 
20 years, three died (14% mortality); the incidence of hemorrhage was 
57% for patients with cervical malformations and 36% for those with tho- 
racic and lumbar malformations. These results are similar to Aminoff’s 
(1976). Bailey (1969) reviewed the cases of 54 patients with SCAVMs of the 
cervical region and reported that, of 29 patients with onset of symptoms 
prior to age 30, 14 (48%) died of neurological complications. Only three of 
these 14 lived more than 15 years after presentation. 

The morbidity or permanent disability related to hemorrhage is also 
difficult to assess from the literature. For Djindjian (1978), Rosenblum 
(1987a), and Aminoff (1976), over 80% of patients had some disability at 
the time of diagnosis. 

Bailey (1969) reported disability in 88% of his patients with cervical 
AVMs. In Djindjian’s (1978) series, of the 97 patients who had SCAVMs (21 
cervical and 76 thoracic and lumbar) at the time of diagnosis, 6% had 
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complete cord transsection, 34% were completely disabled, 27% had a 
grade III disability (they had gross handicaps but were able to ambulate 
with two canes and to take care of themselves), 15% had functional prob- 
lems but were able to work, 13% had minor disabilities, and only 3% were 
normal. 

In our adult population, 45% of lesions presented with hemorrhage. 
The frequency of hemorrhagic presentation varied according to the loc- 
tion of the SCAVSs. Overall SCAVSs were located in the cervical cord 
(38%), in the thoracic cord (45%), and in the lumbar region (17%). Of 
these, 62% of the cervical and 45% of the thoracic malformations bled, 
where only (9%) of the lumbar malformations did so. Hematomyelia was 
diagnosed in 36% of cases and subarachnoid hemorrhage in the remain- 
ing 64% of cases. The neurological manifestations were most severe in 
hematomyelia. No deaths were seen after hemorrhage. 

Recovery was observed in most cases. Posthemorrhagic follow-up 
showed that 71% had a Karnofsky score of 80 of higher after several months. 

Symptoms and Related Angioarchitecture in the Adult Population 

In our adult population, 84% of SCAVM lesions were nidus-type AVMs, 
15% mAVFs, and 1% MAVF. No personal or family history of HHT1 dis- 
order was found. Multiple lesions were seen in 13% (one-third were mul- 
tifocal AVMs). An important difference in hemorrhages between the pe- 
diatric and the adult population must be noted: bleeds are more frequent 
(p= 0.02), and the rates of hematomyelia are higher in children than in 
adults. The same ratios are found in other studies dealing with pediatric 
SCAVSs (Scarff and Reigel 1979; Rodesch et al. 1995; see Vol. 3). 

A predictable correlation between the hemorrhages and false arterial 
aneurysm ( AA; as an actual hemorrhagic site) was found in adults. Pial ve- 
nous congestion, distal AA, associated AVFs, and venous ectasias are the 
dominant architectural features. 

If distal AAs are more frequently seen in adults than in children, then 
flow factors alone cannot be responsible for their appearance. No AAs as- 
sociated with high-flow MAVFs were noted in our series. 

The association of AA with SCAVSs has been considered as a hemor- 
rhagic risk factor (Konan et al. 1999). However, 47% of patients with AA 
bled versus 51% of patients without AA (p 0.64). As in BAVMs (see 
Chaps. 9 and 10, this volume), having both an AA (false AA excluded) and 
a SCAVS is not a significant risk for a hemorrhagic episode. Associated 
AAs are considered priority targets for partial embolization, but there is 
no evidence that eliminating them protects patients from future bleeds. 
However, the impact of such a strategy is probably positive, just as it has 
been proven to be beneficial in BAVMs (Meisel et al. 2000, 2002). 

Pial venous congestion is a common finding in SCAVSs because of the 
dense and rich anastomotic vascular intrinsic and extrinsic network. 
Spinal cord veins are all located in the subarachnoid space, except for the 
anterior spinal vein, which is situated in the subpial space (Maillot 1996; 
Lasjaunias et al. 2001). Given this anatomical disposition, it could be pos- 
tulated that rupture of the subarachnoid veins might also be responsible 
for subarachnoid hemorrhage. 
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There is no significant difference between the percentage of hemor- 
rhage among patients with and without venous ectasia (VE) (p= 0.89). 
These particular data are also observed empirically since MAVFs, charac- 
terized by giant VE, rarely bleed and mostly present with symptoms 
caused by venous congestion and pulsatile mass effect on the cord. AVFs 
within nidi or in isolation produce venous congestion and ectasias more 
rapidly, yet there is no significant difference between the percentage of 
hemorrhage among patients with AVF and without AVF. 

Rehemorrhage prior to our consultation occurred in 18% of patients: 
two-thirds had cervical SCAVSs and one-third thoracic AVMs. Only two 
patients (3.6%) rebled within the 12 months that followed the first hem- 
orrhage; in all the other cases the recurrent hemorrhagic episode oc- 
curred over a period of 4-31 years (mean, 11.6 years). 

Nonhemorrhagic Manifestations 

Among the nonhemorrhagic group, 1% were asymptomatic (incidental 
discovery), 9% were revealed by acute nonhemorrhagic neurological 
symptoms, and the remaining 90% had progressive neurological impair- 
ment either in a continuous or stepwise (acute) fashion. The overall pro- 
gression between the beginning of the symptoms and the first consulta- 
tion extended over 1-43 years (mean, 7 years). 

Root or back pain as the initial symptom was seen in 15%-20% of pa- 
tients. Weakness was present in one-third of patients as the initial symp- 
tom but will eventually develop in over 90% of patients. Sensory changes 
are present in an additional 70%. Impotence is present in almost half of 
the patients, while bowel and bladder dysfunction can be seen in almost 
all. The presence of a bruit is a relatively uncommon finding and has been 
reported in only 8% of patients. If present, however, a bruit is strongly sug- 
gestive of a high-flow lesion. It is also conceivable that a bruit could be 
present in a larger number of patients, as it is often not specifically sought. 



7 7 . 4 . 2.2 Prognosis 

At least 40% of SCAVM patients undergo neurological deterioration in a 
stepwise fashion following intraspinal hemorrhage accidents (Houdart 
1978). Relapse is a frequent event occurring in over 80% of patients. The 
causes for deterioration are multiple. Among the well-accepted causes are 
intraspinal hemorrhage, thrombosis within the AVM, arachnoiditis, and 
increased venous pressure (Malis 1982b). Other causes to be considered 
are arterial or venous ischemia or mechanical cord changes (secondary 
to compression, pulsatile effect of dilated vessels). Deterioration can be 
followed by actual improvement or stabilization of symptoms (Ommaya 
1985; Ommaya et al. 1969; Hurth et al. 1976; Malis 1982a). 
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7 7 . 4.2.3 Aggravating Factors 

Maneuvers that result in increased intra-abdominal or intrathoracic pres- 
sure, such as the Valsalva maneuver and bending, often aggravate intra- 
medullary venous pressure. The intramedullary effects are secondary to 
the elevation in venous pressure of the intraspinal (osseous) or inferior 
vena cava circulation into which the SCAVM empties. Such pressure in- 
creases may precipitate an intraspinal hemorrhage with all of its conse- 
quences. 

Pregnancy may also aggravate the symptomatology of SCAVMs by var- 
ious mechanisms, including (a) increases in intr a- abdominal pressure, (b) 
increased intravascular volume, (c) hormonal changes, and (d) the added 
stress on the venous circulation during delivery. 

Trauma as a causative factor for the symptoms of SCAVMs has been 
controversial. It is known that approximately 5% of patients in the general 
medical and surgical population are able to recall an injury sustained 
within 3 months of the onset of their disease. Therefore, the validity of 
such an association may have important medicolegal implications. At 
present, it is difficult to ascertain a direct effect of trauma as an aggravat- 
ing factor. However, the temporal relationship of symptoms to injury has 
been noted by many authors and was reviewed by Aminoff and Logue 
(1974). Trauma may alter the hemodynamics within a vascular malfor- 
mation by secondary thrombosis or rupture and therefore cause symp- 
toms. This appears to be the case in a patient reported and reviewed by 
Aminoff (1976). 

Pain can be related to posture by many patients with SCAVMs. The 
symptoms can be rapidly relieved by changing to a different position, sug- 
gesting that compression of a nerve root by a congested vascular structure 
may be responsible. 

Weakness or other neurological deficit may present or be aggravated 
during bowel movements. This was first noted by Therkelsen in 1958, and 
we have seen it in two patients with SDAVFs but not SCAVMs. 

Aminoff reported that, out of 60 patients in whom the information was 
available, 19 had symptoms that were precipitated or aggravated by exer- 
cise and relieved by rest. Pain was the most commonly produced symp- 
tom. When leg weakness was the presenting symptom, it was usually 
radicular in distribution but, like pain due to peripheral vascular disease, 
it bore a direct relationship to exercise and was relieved with rest. In some 
patients, the symptoms progressed as exercise was continued. The 
amount of exercise necessary to produce symptoms varied. In almost all 
of the patients, symptoms remitted after no more than a few minutes rest 
only to recur after variable periods when exercise was resumed. 

Other Aggravating Factors 

Menstruation (Tobin 1976), infections, increased body temperature, and 
corticotrophin therapy (Aminoff 1976) have also been reported to be ag- 
gravating factors in patients with SCAVMs. 

Lee and Kobrine (1983) reported the acute presentation of neurogenic 
pulmonary edema following the rupture of an SCAVM. The mechanism 
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was presumed dysfunction of paraganglionic sympathetic fibers of the 
spinal cord, and should be suspected when all other causes of such pul- 
monary edema having been excluded. 

Subdural Hematomas 

Subdural hematomas are a rare finding in patients with intraspinal hem- 
orrhage from SCAVMs. If seen, one must suspect an extradural compo- 
nent to the malformation, which would most likely occur in lesions with 
metameric or paraspinal muscle involvement; the present authors have 
not seen such a patient. 

Epidural Hemorrhage 

Epidural hemorrhage is a clinically important cause of paraplegia affect- 
ing all age groups and with a preference for men in a ratio of 2:1. In the 
majority of cases of epidural spinal hemorrhage, no cause is demonstrat- 
ed (Aminoff 1976). Etiologies of spinal epidural hemorrhage include an- 
ticoagulant therapy, hemorrhagic diathesis, spinal vascular malforma- 
tions, spinal tumors, and trauma (Table 11.10). The clinical picture is sim- 
ilar to that of other extradural processes; however, the course is usually 
dramatic and severe. The onset may be characterized by radicular pain, 
followed within hours by rapidly progressing paraparesis of tetraplegia. 
Among patients with vascular malformations, the most frequently en- 
countered lesions responsible for spinal epidural hemorrhage are extra- 
dural AVMs and extraspinal lesions draining into the epidural venous 
plexus. Early radiological diagnosis and urgent surgical decompression 
with removal of the hematoma are recommended to prevent permanent 
damage to the spinal cord. This condition is seen more often in associa- 
tion with tumors such as bone hemangiomas (see Chap. 13, this volume). 

Other Clinical Findings 

Muscle atrophy and sensory disturbances that may result in multiple in- 
juries can be observed in patients with SCAVMs. Spinal deformities such 
as kyphosis and scoliosis are also seen. In addition, presentation may be 
with complications common to other types of spinal cord dysfunction 
such as urinary tract infections, respiratory infections, and decubitus ul- 
cerations, which must be taken into consideration in determining the 
morbidity and final outcome of these patients. 

Varicose leg veins developing at an unusually early age or of marked 
degree can be seen in some patients with high-flow lesions draining to the 
inferior vena cave (IVC) and/or azygos venous system. In cases associated 
with Klippel- Trenaunay syndrome, additional bony abnormalities exist 
(Figs. 11.20, 11.23). 
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11.5 Treatment of Vascular Lesions 

The final outcome of patients with vascular lesions of the spine and spinal 
cord is directly related to the prompt diagnosis and treatment of the ab- 
normality. 

The primary objective of any therapeutic modality should be to obtain 
a neurologically normal patient, free of future risks in relation to the 
SCAVM. Cure of these lesions is seldom obtained without morbidity. In 
patients in whom a complete cure is not possible at an acceptable level of 
risk, partial targeted treatment can be proposed with the aim to arrest or 
improve the clinical situation or to favorably modify the natural history 
of the disease. Such partial targeted embolizations will obliterate weak 
portions of the angioarchitecture (e.g., arterial aneurysm and nidus 
aneurysm), reduce the nidus, or slow down the flow through the malfor- 
mation to decongest the venous drainage. These maneuvers improve the 
venous drainage of the normal spinal cord, often with beneficial effect. 

Factors that will modify the objectives in a particular patient include 
(a) the age of the patient; (b) the clinical presentation (hemorrhage, more 
than one hemorrhage, etc.); (c) the morphological appearance of the le- 
sion (the presence of an aneurysm, venous varix, etc.); (d) impaired flow 
or venous drainage of the spinal cord (stagnation in the anterior spinal ar- 
tery circulation, nonvisualization of the medullary veins). 



11.5.1 Indications 

The indications for treatment in SCAVMs include all patients with symp- 
tomatic lesions that can be cured. If total anatomical cure is deemed im- 
possible the factors mentioned in the previous section must be considered 
in detail to best determine treatment strategy. In the young symptomatic 
patient, treatment should be pursued aggressively. If complete oblite- 
ration appears unfeasible, an anatomical goal or objective is defined, 
looking for the morphological high-risk portion of the lesion (Figs. 1 1.27, 
11.29). The presence of an associated aneurysm is an indication for tar- 
geted treatment. They are especially dangerous if they are pseudoa- 
neurysms resulting from previous hemorrhage (Figs. 11.34, 11.36). The 
occlusion of an arteriovenous fistula within the malformation, or of that 
portion of the malformation that drains into a territory with outflow re- 
striction as manifested by a venous pouch, varix, or ectasia, can result in a 
favorable long-term outcome. 

In the acute stage following a spinal hemorrhage, the neurological 
deficit may be very severe, including total loss of function. Although re- 
bleeding is a risk, the great majority of patients will improve significantly 
over the next several weeks or months. Therefore, one should not interfere 
with the natural recovery. Spinal angiography may be done early to ex- 
clude a pseudoaneurysm or other potentially risky angioarchitectural 
feature that may justify early targeted embolization, mostly if more than 
one hemorrhage has occurred. However, it is not acceptable to intervene 
aggressively early and to not consider complications in a totally paralyzed 
patient who has the chance of natural recovery (Figs. 1 1.45, 1 1.46, 1 1.62). 
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Fig. 11.62A-F. Typical false aneurysm buried in the depth of the ventral sulcus. 
Frontal view (A) is suboptimal for working projection. Oblique views show the em- 
bolization possibilities (B, C). Following embolization with glue (D, E), remodeling is 
seen on the follow-up angiogram (F) 
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Fig. 11.63A-E. Conus medullaris arterial connections. Filum terminale (A, B) pial 
network opacifies the basket and the entire supply to the caudal region of the cord. 
C, D Radiculomedullary artery injection shows ventral arteries and veins and filum 
supply (E) 



With respect to the indications for treatment in a patient with a fixed 
deficit or clinical cord transsection, in which it is unlikely that treatment 
will be of functional benefit, such treatment is nonetheless indicated, as 
repeated life-threatening spinal hemorrhage can be avoided by proper 
closure of the malformation and/or aneurysm. Complete obliteration is 
also easier as it will not aggravate a fixed deficit or a complete transsec- 
tion. In some patients with sufficient pain and spasm, palliative em- 
bolization may be necessary and beneficial and may avoid extensive de- 
compressive laminectomy or other procedures. 

Occlusion should be performed aggressively in patients with high tho- 
racic or cervical lesions in whom progression of the lesion or repeated 
hemorrhages can affect upper extremity function, sphincter control, res- 
piratory muscles, etc. In such patients, spinal hemorrhage can extend in- 
tracranially and produce higher-level impairment with severe or even 
lethal consequences. 
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Fig. 11.64. Retromedullary 
spinal cord arteriovenous mal- 
formation fed by a pial branch 
opacified via the ventral spinal 
artery and the basket anasto- 
mosis (A). The microcatheter is 
advanced to the nidus using the 
same route (B) 



In patients with lower thoracic or lumbar AVMs that have a fixed deficit 
and in whom no clinical improvement is possible, repeated spinal hemor- 
rhages may not be life threatening and the indications for aggressive treat- 
ment maybe less obvious. If sphincter control and/or sexual functions are 
spared, aggressive intervention may result in loss of such important re- 
maining functions. Treatment may be appropriate, however, in those pa- 
tients in whom complete obliteration of the malformation can result in 
preservation of those functions or if repeated hemorrhage occurs. 

The indications for treatment are the same for the various types of 
SCAVMs and SCAVFs. In metameric lesions, the spinal cord lesion is 
treated as any other SCAVM. The extraspinal component may not require 
treatment or may be dealt with as a separate AVM and treated if symp- 
tomatic (i.e., pain, deformity) (Figs. 11.7, 11.9, 11.1 1) or managed preop- 
eratively. 

The anterior spinal artery (ASA) is often considered as an unsafe artery 
for endovascular therapy. Comparable to other similar vessels (anterior 
choroidal artery, ophthalmic artery), the anatomy of the ASA indicates the 
exact territory supplied by the system and makes it possible to predict its 
resources in case of occlusion (see Vol. 1). 

The ASA is made up of the descending and ascending branches of the 
radiculomedullary arteries lying within the ventral sulcus in the subpial 
space (Maillot 1996; Nicholas and Weller 1988). It forms a continuous axis 
from the vertebrobasilar junction to the filum terminale. The ASA may 
supply some pial arteries that vascularize the ventral funiculi, and, at each 
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Fig. 11.65A-K. A 19-year-old male patient presented with subacute onset of pro- 
gressive weakness of both legs over a 3-month period. MRI demonstrates increased 
signal within the conus and multiple flow voids along the spinal cord, which were en- 
hanced with contrast (A-D). Ventral spinal artery supply was demonstrated toward 
a spinal cord arteriovenous malformation (SCAVM) located along the posterior as- 
pect of the conus with venous drainage directed upward to the thoracocervical level 
(E, F). G-K see p.838 
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Fig. 11.65 ( continued ). 3-D angiogram (G, H). I-K Catheterization of the anterior 
spinal axis was achieved followed by selective catheterization of the sulcocommisur- 
al branch leading toward the SCAVM, thereby facilitating embolization of the nidus 
with preservation of the anterior spinal axis 



myelomere level, sulcal arteries (similar to perforating arteries) to vascu- 
larize the gray matter. Each sulcal artery supplies one half of the cord 
(right or left). When duplicated, each ASA supplies sulcal arteries to the 
ipsilateral hemicord. Before penetrating into the cord, the perforators may 
anastomose within the subpial space, with adjacent sulcal arteries. After 
penetrating the cord, the sulcal arteries constitute a dense intrinsic net- 
work axially and longitudinally anastomosing with the radial arteries 
arising from the radiculopial arteries. 

Embolization of a SCAVM vascularized by individual ASA branches 
will need to be a selective endovascular occlusion of these branches. Pre- 
cise deposition of glue in the pathological network will not lead to any 
neurological deficit, as it will respect the cord (Figs. 14.134, 11.29, 11.45, 
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11.46). Reflux in the ASA itself carries the risk of paraplegia; reflux in a 
normal sulcal artery would create an anterior horn syndrome (ventral 
radiculopial artery running to the ventral funiculus without contributing 
to the anterior spinal axis). The use of the basket anastomoses (Fig. 11.63) 
may help approaching extramedullary pial SCAVM of the conus me- 
dullaris (Figs. 11.64, 11.65). 



1 1 .5.2 Results of Spinal Cord Arteriovenous Malformation Embolization 

Since the first reports of endovascular embolization of SCAVMs using 1.5- 
to 3-mm stainless steel pellets (Doppman et al. 1968b) or lead pellets and 
small fragments of muscle (Newton and Adams 1968), it became obvious 
that the endovascular approach to SCAVMs was feasible. In both in- 
stances, no harm was done and the treatment was successful in improving 
both patients’ condition. 

By 1971, Doppman (1971a) reported the successful occlusion of the le- 
sions of five out of seven patients following embolization with a combi- 
nation of metallic pellets, gelatin sponge and muscle fragments. Em- 
bolization was used as an alternative to ligation of the feeding artery to 
the malformation. Doppman (1968b) took advantage of the narrowing of 
the spinal/radicular arteries and/or spinal pial arteries as they cross the 
dura to accomplish intradural occlusions, reproducing the surgical tech- 
nique of the time. No deterioration of cord function was noted in any of 
his patients. Since 1966, Sano et al. have been working with a liquid plas- 
tic for the purpose of obtaining an endovascular cast of cerebral AVMs. In 
1968, Shiromura et al. were assessing ischemic damage to the cervical cord 
using liquid plastic made radiopaque with tantalum powder. In France, 
Djindjian (1971a, b) reported preliminary results of muscle embolization 
in an intramedullary SCAVM. By 1973 Djindjian et al. had encouraging re- 
sults in ten patients, although he used Gelfoam as the main embolic agent 
and obviously encountered recanalization of the lesions. At that time, he 
concluded that, while this treatment was initially efficient, it was without 
lasting success. He recognized that future advancements in embolic mate- 
rial development, including the use of liquid acrylics, would improve the 
final outcome (Djindjian et al. 1975). 

In 1977, Kerber mentioned the successful use of iso-butyl-cyano-acry- 
late (IBCA) in two patients with spinal cord vascular lesions (Kerber et al. 
1978). Silicone fluid as an embolic agent was originally reported by Dopp- 
man (Doppman 1971; Doppman et al. 1976). In 1978, Hilal et al. succeed- 
ed in occluding the lesions of 9 out of 11 patients using a modification of 
silicone fluid embolization. In the early 1980s, we used acrylic material as 
the embolic agent of choice in certain types of SCAVMs and in the anteri- 
or spinal artery branches. At that time, polyvinyl alcohol (PVA) was play- 
ing a role in treating certain intramedullary cervical SCAVMs (Berenstein 
et al. 1984b). Theron et al. reported on five patients whose lesions involved 
the anterior spinal artery. The lesions were embolized with PVA with com- 
plete occlusion and without complications (Theron et al. 1986). In two of 
Theron’s patients, the follow-up angiogram showed continuous occlusion, 
but in three there was recanalization. Biondi et al. (1990) showed very fre- 
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quent recanalization in 70 patients with SCAVMs who were then retreat- 
ed with particles. He reported overall favorable results and no rebleeding, 
except for patients who did not receive repeat treatment. 

In the assessment of patients with SCAVMs, there may be some diffi- 
culty in assigning improvement that can be credited to the procedure ver- 
sus the natural improvement that can follow an acute insult to the spinal 
cord. Our approaches, techniques, and results are comparable, although 
one of us uses SEPs and chemical monitoring and the others do not. 

In our assessment of the outcome, we consider the results to be excel- 
lent in patients who after treatment were normal and whose AVM was 
obliterated. Good results were concluded when neurological status after 
embolization in the available follow-up was better than or at baseline, 
with at least 90% obliteration. Fair results were ascribed to patients who 
had not improved or in those with mild (functionally of little importance) 
aggravation of the baseline neurological status. The results were judged to 
be poor if the patient’s outcome was worse than baseline or if there was a 
permanent complication. 

In our previous series, 49% (23 of 47) of patients had an excellent out- 
come and 28% (13 of 47) the outcome was good; thus, endovascular em- 
bolization in SCAVMs had a favorable result in 36 out of 47 patients (77%), 
significantly better than the natural history described in the beginning of 
this chapter. In those patients with a preexisting fixed deficit, treatment 
did not result in a return to normal. In an additional three patients (6%), 
the procedure was technically not successful but no harm was done. In 
one initially successful patient who went from paraplegia to normal in 
3 days, there was a delayed aggravation 15 days later, in which an ascend- 
ing myelopathy related to venous thrombosis occurred. The patient con- 
tinued to deteriorate and died 19 months later. At autopsy, a necrotizing 
thrombophlebitis of the spinal cord was found (Fig. 11.51). 

Complete obliteration of the malformation, as determined during the 
immediate postembolization study, can be accomplished in almost half of 
the patients by embolization alone. The remaining group of patients ben- 
efits from partial targeted embolization or combined approaches associ- 
ating embolization and surgery. 

Our embolic agent of choice is liquid acrylic N-butyl cyano-acrylate 
(NBCA), which is used in the majority of patients. Only when superselec- 
tivity was not achieved, if partial changes in flow within the lesion or a 
collector were needed, or if embolization at a distance from the nidus 
was performed, was particulate embolic material (such as PVA) used 
(Fig. 11.66). 



1 1 .5.3 Complications of Embolization 

In our series, permanent worsening directly related to the procedure oc- 
curred in 11% of the cases: 4% were serious, 4% moderate, and 3% mild. 
Transient complications occurred in another 11%. 

In the Rodesch et al. series (2002), transitory deficits were seen in ten 
patients (14%): all resolved rapidly either spontaneously or with cortico- 
steroid treatment (where the quantity of glue was felt to be associated with 
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Fig. 11.66. A Lateral view of 
the right vertebral artery shows 
a large malformation of the 
upper cervical cord. B Postem- 
bolization angiogram after the 
use of polyvinyl alcohol (PVA) 
particles in three different 
sessions shows a marked reduc- 
tion in the size of the malfor- 
mation. C Follow-up angio- 
gram 2 years later shows re- 
canalization of the lower por- 
tion as compared to the final 
postembolization study shown 
in B 




a local inflammatory reaction) or anticoagulation (when the venous con- 
gestion and the slow character of the flow after the embolization was 
felt to be worsened). Permanent complications occurred in 4% patients 
with the Karnofsky score at 70. All occurred after embolization per- 
formed through the anterior spinal artery. In 9% of patients, a mild deficit 
occurred after endovascular therapy with a Karnofsky score of 80. All 
these patients had 50% of their SCAVS controlled and none have rebled 
since then. 

Recurrent hemorrhage occurred in 4% patients, all with cervical nidus 
intramedullary AVMs. Treatment was not completed at the time of their 
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recurrent bleeding episode; all of them were waiting for complementary 
embolization session. One patient refused further embolization, but she is 
stable at 4 years of follow-up. None of the remaining embolizations rebled 
(follow-up of 1-8 years), although none is anatomically cured. 

No mortality related to endovascular therapy was noted in our series. 

In a patient with a cervical lesion, after the second embolization proce- 
dure and after approximately two-thirds occlusion of the AVM with IBCA, 
a Brown-Sequard syndrome resulted, which persisted 4 years later. In one 
patient with a cervical lesion, a mild complication following embolization 
of a radiculomedullary artery in an unfused anterior spinal artery result- 
ed in an anterior horn syndrome. In the lumbar area, after IBCA occlusion 
of a conus AVM in a patient who presented with subarachnoid hemor- 
rhage and acute paraplegia, a 12-h delayed paraplegia with sphincter 
disturbances and impotence occurred. The paraplegia resolved, the lower 
extremity function has completely recovered, but the sphincter deficits 
and impotence remain. 

Analysis of our results shows that the technique is reliable, reproducible, 
and safe using liquid embolic agents. Although it has been said that parti- 
cles such as PVA are safer, the results are only temporary (Hall et al. 1989). 
We have seen a similar result with PVA (Fig. 1 1.66), not only in SCAVMs, 
but also in other locations. The recanalization mechanism is clearly ex- 
plained in Chap. 14. This type of recanalization does not occur when us- 
ing IBCA or NBCA in intranidal occlusion. 

In highly specific instances, PVA may be acceptable as an agent that can 
give temporary protection when no other option exists. None of our pa- 
tients treated by embolization with complete obliteration experienced a 
second hemorrhage. 

In our historical series, two of the 47 embolized patients (4%) had a 
second hemorrhage; both patients had incomplete occlusions. The mean 
follow-up was 7.5 years. In our series, prior to treatment of three patients 
with cervical lesions, two had bled four times in less than 1 year and one 
had bled six times in less than 1 year. All three patients were treated with 
IBCA. No repeat hemorrhage has occurred after 4 years follow-up for one 
patient, after 6 years for the second, and after 5 years for the third. Al- 
though this is a relatively short time, it compares favorably to the natural 
history of SCAVMs, in which a second hemorrhage occurs within 1 month 
in 10% of patients and by 1 year in 40%. 



1 1 .5.4 Surgery in the Treatment 

of Spinal Cord Arteriovenous Malformations 

In our neurovascular units, when assessing patients with SCAVMs, the op- 
tions including surgical therapy are evaluated after MRI and angiography 
and prior to embolization. 

In 41 patients reported by Yasargil et al. (1984), the AVM was completely 
removed as judged by surgery; in 73% of patients, no early or delayed an- 
giographic confirmation was available and in 48% improvement was not- 
ed, although no mention was made as to how many were normal. These 
results compare favorably with those in our excellent and good groups, in 
which we achieved either a 77% normal condition or an improved condi- 
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tion in patients following embolization. Eight (19.5%) of Yasargil’s pa- 
tients were worse after total or partial AVM removal as compared to 17% 
in our series. In both groups, two recurrent hemorrhages occurred. There 
was one death directly related to surgery in Yasargil’s experience; there 
were none in ours. Late death secondary to infection occurred in one in 
the surgery group, and a delayed ascending venous thrombosis resulted in 
death in one of our patients (Fig. 11.51). Three patients treated by surgery 
developed chronic postoperative pain, no new pain developed in the em- 
bolized group. Two patients with severe chronic pain and spasm did not 
benefit from embolization, whereas 10 of 13 patients of Yasargil’s series 
did not show improvement in their pain. 

What is important in some of the surgically treated patients is that sur- 
gical intervention with intradural ligation of feeding vessels (Ommaya et 
al. 1969) seems to favorably affect the natural history of the disease, but we 
do not think that such an approach should be discussed at the time of the 
endovascular decision, but rather only if that fails and if the patient needs 
immediate partial treatment. 

In some rare instances where embolization is not possible or may car- 
ry high risk, surgery can be discussed. If the lesion is deemed embolizable 
and surgically accessible, endovascular surgery will be attempted first. 
The patient is followed up with repeat angiography. If obliteration is not 
complete or satisfactory, embolization is repeated. 

Two patients in the Rodesch et al. series (2002) were operated on after 
embolization: one cervical SCAVS with multiple hemorrhagic episodes 
and an intranidal false aneurysm that could not be safely embolized. Sub- 
sequent surgical clipping of a radiculopial artery at the nidus was per- 
formed in order to change the flow into the lesion; it failed to produce sec- 
ondary thrombosis of the arterial ectasia. A new embolization session 
through the anterior spinal successfully achieved exclusion of the pa- 
tient’s intranidal arterial aneurysm. The other patient had a thoracic 
SCAVM, where proximal arterial clipping was performed hoping to im- 
prove pain. This treatment failed and the patient was further managed 
medically. No other patients were proposed secondary surgery. 



1 1 .5.5 Radiotherapy of Spinal Cord Arteriovenous Malformations 

Radiotherapy has currently no role in the management of SCAVMs. 



11.5.6 Medical Therapy 

Medical treatment for the various complications of spinal vascular lesions 
is an important part of patient management and should be provided. 
Physical therapy, nursing, pain control management, and psychotherapy 
all play an important role in treating patients with SCAVMs. A properly 
trained team is essential to obtain the best overall results. Heparin should 
be discussed when complete occlusion of a slow-flow SCAVM leaves a 
highly congested pial venous network at follow-up. Spontaneous throm- 
bosis of SCAVMs is a rare situation; it is associated with worsening symp- 
toms and may require heparin support for few weeks (Figs. 1 1.67, 1 1.68). 
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Fig. 1 1.67A-J. A 32-year-old female patient with a history of neurological events in- 
volving the lower limbs during childhood, for which no diagnosis was established, 
but resulted in mild spasticity involving the left lower leg. She remained stable for 
25 years until subacute onset of rapidly progressive motor weakness and sensory dis- 
turbance occurred involving both legs. MRI at that time shows increased signal with- 
in the spinal cord with multiple flow voids along the level of the conus (A-C). Rapid 
neurological deterioration occurred over the next 4 days and repeat MRI demon- 
strates signal changes within the previous signal voids suggestive of acute thrombo- 
sis within several of the enlarged vascular channels (D, E). F-J see p. 845 
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Fig. 11.67 ( continued ). MRA demonstrates spinal cord arteriovenous malformation 
(SCAVM) at the conus level (F, G). As venous thrombosis was thought to be the cause 
of the neurological worsening, the patient was started on anticoagulation therapy. 
Progressive worsening prompted partial endovascular treatment (H-J) to diminish 
the flow through the SCAVM in order to relieve the venous congestion associated the 
partial venous outlet thrombosis of the SCAVM and resulted in stabilization and sub- 
sequent improvement of neurological function 
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Fig. 11.68A-J. A 30-year-old 
male patient presented with 
progressive neurological 
deficit. A, B, MRI. C-E Angiog- 
raphy at that time shows slow- 
flow spinal cord arteriovenous 
malformation. F-J see p. 847 
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Fig. 11.68 ( continued ). 

F, G Worsening of the symp- 
toms occurred and MRI follow- 
up 14 months later shows al- 
most complete disappearance 
of vascular channels around 
the cord. H-J Follow-up an- 
giogram at Til and T12 con- 
firms the complete thrombosis 
of the shunt with incomplete 
remodeling of the ventral 
spinal cord artery. The patient 
was placed on anticoagulant 
and steroid therapy for a few 
days, which resulted in early 
clinical recovery. (Courtesy of 
W. Lim) 
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As opposed to the so-called congenital arteriovenous malformations 
(AVMs) involving cord and paraspinal structures, spinal dural arteriove- 
nous fistulae (SDAVFs) are acquired shunts located within or adjacent to 
dura along the spinal canal. They are by far the most frequent arteriove- 
nous shunt (AVS) that occurs in older adults. They usually present after 
the fourth or fifth decade of life, with an 85% (5:1) male predominance 
(Tables 12.1, 12.2). The reason for this male predominance at the spinal 
level is not known, and this dominance is reversed in dural and osteodur- 
al AVSs at the skull base and sphenoid level, where there is a female pre- 
dominance. The location of the fistula has been reported throughout the 
spinal canal, from the sacrum to the level of the foramen magnum. The 
venous drainage may be very extensive and reach the intracranial dural 
sinuses even if the shunt is at the sacral level (Fig. 12.1) or conversely reach 
the thoracic perimedullary venous plexus level from an intracranial shunt. 



Table 12.1. Age distribution in 352 SDAVF and SCAVM patients at time of diagnosis 





n 


SDAVFs 


Mean 


SCAMVs 


Mean 


Djindjian et al. 1977 


130 


34-73 


52 


3-57 


26 


Rosenblum et al. 1987a 


81 


25-72 


49 


4-58 


27 


Berenstein and Lasjaunias 1992 


81 


35-87 


56 


2-42 


22 


Symon et al. 1984 


60 


29-75 


57 


14-40 


31 



SDAVF, spinal dural arteriovenous fistula; SCAVM, spinal cord arteriovenous mal- 
formation. 
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Fig. 12.1A-E. Progressive thoracic myelopathy. MRI investigation (A, B) shows evi- 
dence of increased signal changes in the cord extending up to the mid-thoracic level 
(arrows) and prominent flow voids, in particular along the dorsal aspect of the spinal 
cord. Angiography shows this was caused by a spinal dural arteriovenous fistula fed 
by the lateral sacral artery (C), with retrograde venous drainage via the sacral radic- 
ular vein ( arrows ) toward the dorsal perimedullary venous plexus at the conus level 
(D, E) 



Table 12.2. Sex and age distribution in 172 patients with SDAVF 





(Patients) n 


Male 


Female 


Mean age 


Djindjian et al. 1977 


46 


38 


6 


52 


Merland et al. 1980a 


13 


10 


3 


59 


Symon et al. 1984 a 


55 


49 


6 


57 


Rosenblum et al. 1987a 


27 


23 


4 


49 


Berenstein and Lasjaunias 1992 


31 


25 


5 


56 


Total 


172 


145 (85%) 


25 (15%) 


55 



SDAVF, spinal dural arteriovenous fistula. 
a Includes Kendall’s first ten patients. 



12.1 Pathology 

An SDAVF is an abnormal arteriovenous shunt in the dura, most com- 
monly at the level of the intervertebral foramen (Kendall and Logue 1977; 
Merland et al. 1980b; Symon et al. 1984; Rosenblum et al. 1987a). The 
arterial supply mostly arises from a dural (radicular) branch of the dor- 
sospinal artery (see Vol. 1) in the region of the intervertebral foramen. The 
spinal cord veins (in contrast to the arteries) can pierce the dura quite far 
from a nerve root. In this venous disposition, a potential bimetamere 
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Fig. 12.2A-C. Spinal dural arteriovenous fistula supplied by intersegmental dural 
anastomosis. Angiography of intercostal artery at T6 (A) demonstrates radicular 
supply ( short arrow) towards SDAVF ( long arrow) with reflux down the interseg- 
mental anastomosis ( double arrows). Angiography of intercostal artery T7 (B) shows 
radicular supply to the SDAVF via the same intersegmental anastomosis ( double ar- 
rows). Injection of liquid glue via T6 (C) shows deposition of embolic material down 
the intersegmental anastomosis as well as across the arteriovenous fistula toward the 
perimedullary venous plexus of the spinal cord, resulting in permanent obliteration 
of the shunt and good clinical outcome 



arterial supply to the dural arteriovenous fistula (DAVF) can be demon- 
strated (Figs. 12.2, 12.3). However, in the great majority of patients, there 
is a single extradural arterial pedicle that gives rise to a small (sometimes 
microscopic) shunt that is within the dura itself. From this shunt, a highly 
tortuous, single draining vein emerges. This vein pierces the dura several 
millimeters from the accompanying nerve root (either above or below it) 
to reach the perimedullary venous system (Benhaim et al. 1983) and then 
produces venous hypertension of the medullary veins (see Sect. 12.2). 



12.1.1 Macroscopic Appearance 

The nidus of the DAVF can be located anywhere along the dura but is most 
commonly situated near the nerve root exit. The abnormal arteriovenous 
shunt is usually not readily visible using an extradural surgical approach 
(Benhaim et al. 1983). 

The spinal radicular veins enter the dura close to the nerve root in 60% 
of patients and away from the nerve root in 40%. Shunting of arterialized 
blood from the DAVF into the radicular vein causes reversal of flow in this 
vessel, resulting in enlargement of the radicular vein in the intradural 
space. The ascending vein is usually a single, dilated, tortuous channel 
that reaches the perimedullary venous network most frequently on the 
dorsal surface of the spinal cord. Patients with both posterior and anteri- 
or medullary drainage tend to have more severe symptoms than those 
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Fig. 12.3A-D. A 48-year-old female patient presented with slowly progressive tho- 
racic myelopathy and MRI compatible with venous congestion from spinal dural ar- 
teriovenous fistula (SDAVF). Spinal angiography demonstrates dual supply from T8 
(A) and T7 (B) toward the intersegmental dural anastomosis (small arrows), which in 
turn supplied the DAVF ( arrowhead ). Selective catheterization of the radicular artery 
at the T8 level (C) and embolization with glue resulted in deposition of the embolic 
material just proximal to the fistulous communication ( arrowhead ). Immediate 
follow-up angiogram at the T7 level shows the continued opacification of the fistula 
( arrowhead ) from the radicular artery at that level (D), indicating the lack of venous 
penetration of the embolic material. Surgical disconnection was achieved 2 days later 
by dividing the radicular vein intradurally, resulting in good clinical recovery 
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with exclusively posterior drainage. The subsequent direction of the per- 
imedullary venous drainage is most often upward toward the thoracic and 
cervical levels. 



12.1.2 Microscopic Appearance 

The dural (feeding) arteries originating at the sacrolumbar or thoracic 
levels often divide into small branches and then merge into a single artery 
before entering the shunt. These small arteries show no structural abnor- 
malities. 

The large draining radicular vein is always single, intradural, and usu- 
ally very dilated and tortuous, with irregular partial thickening and vari- 
able luminal narrowing. The normal dorsal medullary vein is rarely single 
at the thoracolumbar level (see Vol. 1) but normally divides into three 
channels of a smaller caliber at the lower mid-thoracic level. Due to this 
normal disposition of venous architecture with limited venous outflow 
capacity, recruitment of additional venous drainage often involves the 
vasa corona and dorsolateral spinal venous channels. Wall thickening of 
these venous channels, whether circumferential and/or limited to a cush- 
ion-like plaque, is nearly always present. Such thickening frequently in- 
volves the intima and/or the media. Atherosclerotic changes and calcifi- 
cations can sometimes be found in the veins. Stenosis to near complete 
occlusion is also found in some segments. 

Various stages of thrombosis can be seen, which may range from oc- 
clusion to full recanalization. Similar changes have been described as a 
frequent incidental finding at autopsy. 

In general, the arteriovenous communication is microscopic and there- 
fore maybe difficult to identify at surgery. Benhaim et al. (1983) were able 
to obtain two specimens of the fistula itself. Examination revealed the vas- 
cular lesion to be situated within the dura mater. The structure of these 
fistulous vessels was not that of normal veins or arteries. Some of the ves- 
sel wall will appear similar to that of arteries, with a lamina elastica inter- 
na (LEI), prominent smooth muscle cells, poor connective tissue, and a 
thick and rigid wall. The LEI frequently divides into two or more layers of 
elastin; muscular atrophy and increased connective tissue were present 
in the media. Other vessels looked more like veins without evidence of 
anomalous changes in the media. Still others looked like veins with no 
LEI, much more connective tissue, and a rather thin and flexible wall, with 
modifications such as irregular thickening due to collagen and/or elastin 
fibrosis and hypertrophy of smooth muscle cells. Interestingly, Benhaim 
et al. (1983) found no calcifications or thromboses in the arteriovenous 
fistula and in both specimens they were able to describe a free communi- 
cation between vessels of different structure. The arteriovenous shunt 
could be seen in serial sections, demonstrating two arterial structures 
anastomosing and merging with a small-caliber vein through a short, nar- 
row channel. 

The histological description, and in particular the appearance of the 
draining vein, would suggest evidence of a dystrophic aspect rather than 
a dysplastic lesion, with changes secondary to local venous hypertension 
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resulting from the arteriovenous shunt. The histological changes seen in 
these veins are very similar to those seen in saphenous veins used for 
coronary bypass grafts. The atherosclerotic and calcific changes in the 
veins are also quite compatible with an acquired lesion. 



1 2.1 .3 Pathological Changes in the Spinal Cord 

Extensive pathological changes may be present within the cord itself, even 
though the primary structural abnormality is entirely extramedullary. In 
advanced lesions, histological abnormalities are evident throughout the 
cord. The changes particularly involve the lateral corticospinal tract and 
appear to spread gradually into adjacent portions of the white matter of 
the lateral funiculus. More advanced changes progressively involve the an- 
terior gray matter and the posterior columns. Gillilian (1970) pointed out 
consistent sparing of the anterior median segment. A typical feature in 
long-standing advanced lesions is the appearance of neocapillaries with- 
in the cord itself. This particular change has been confused with the pres- 
ence of an arteriovenous nidus. Our current understanding of the venous 
anatomy and the pathophysiology of the disease has taught us that these 
neocapillaries are primarily the congested intrinsic venous network of the 
spinal cord. This is different from secondary neovascularization, which 
will result from chronic and extensive hypoxia secondary to long-stand- 
ing venous congestion (sprouting angiogenesis from venules) (Folkman 
1975). The end stage of this venous congestion, venous ischemia and its 
impact on the spinal cord, will be similar to the syndrome described by 
Foix and Alajouanine (1926). 



12.2 Pathophysiology 

In 1972,Manelfe et al. described a glomerulus-like structure that he called 
peloton vasculaire, or vascular balls (Fig. 12.4). These are normal vascular 
structures, usually situated between two layers of the dura mater. In his 
specimen, usually two or more afferent arterioles converged into this vas- 
cular ball and drained through a single vein located intradurally. Unfor- 
tunately, in Manelfe’s specimen the dura mater was transected and the 
vein could not be followed. These normally present structures, which we 
will call the glomerulus of Manelfe, can routinely be found in the upper 
lumbar or dorsal regions but are absent at the cervical level. The striking 
resemblance between the glomerulus of Manelfe and the SDAVF was not- 
ed by Merland et al. (1980a). The former structures are believed to have 
the function of preserving constant venous pressure in the spinal cord, re- 
gardless of changes in intra-abdominal or intrathoracic pressure. There- 
fore, it appears that SDAVFs may result from a loss of the normal physio- 
logical control of this system. 

However, if this were the sole mechanism responsible for SDAVFs 
one would expect the condition to occur far more frequently. Therefore, 
additional factors must also contribute to the development of these fis- 
tulae. 
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Fig. 12.4. Glomerulus of 
Manelfe specimen removed 
from a normal dura of the 
spinal cord, after injection with 
a radiopaque material, demon- 
strates a glomerulus-like struc- 
ture (arrowhead) situated be- 
tween two layers of the dura 
mater. Note the two afferent ar- 
terioles ( arrows ) reaching into 
this vascular ball, with a single 
draining vein that has been cut. 
(Courtesy of Prof. C. Manelfe) 




Tadie et al. (1985), in their study of the morphological functional anato- 
my of the spinal cord veins, demonstrated that the lumbar and lower tho- 
racic portions of the spinal cord normally drain cephalad into the radicu- 
lospinal veins , which are small in caliber (see Vol. 1). This makes drainage 
from the lumbar and thoracic cord somewhat tenuous and sensitive to 
hemodynamic alterations. At the cervical level, symptomatic SDAVFs are 
extremely rare, since the venous drainage is divergent and therefore fa- 
vorable, in contrast to the convergent lumbothoracic venous drainage 
(Moss et al. 1989). 

During normal physiological changes of intra-abdominal and/or in- 
trathoracic pressure (Valsalva, defecation, respiration, etc.), the pressure 
in the spinal cord veins remains constant. Furthermore, Tadie claimed 
that it is impossible to inject the spinal veins from the periphery. To ex- 
plain this, various investigators have postulated the presence of valves in 
the spinal venous system (Lazorthes 1978), although no anatomical proof 
can be provided. 

Tadie, in his histological sections, was also unable to find actual valves 
in the spinal veins. He did, however, demonstrate an important narrowing 
of the radiculospinal veins at the point where they cross the dura mater. 
At this point, the vein loses its own wall, which is replaced by an arachnoid 
cuff and by the dura itself. In addition, as the vein enters and exits the 
dura, it does so in a zigzag fashion. Tadie postulated that, under normal 
physiological conditions, the narrowing and zigzagging opposes any 
blood flow from the periphery into the intradural space, so that blood flow 
is only permitted in the physiological direction. Such a configuration is a 
consistent disposition at the normal sinodural junction. If the venous 
pressure were to increase abnormally, then the arachnoid cuff would be- 
come engorged and obstruct the vein. In addition, a glomerulus-like struc- 
ture (similar to the glomerulus of Manelfe) was demonstrated at the point 
where the normal draining vein crosses the dura mater. These observa- 
tions have led to the term “the protective anti-back flow system.” 
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< Fig. 12.5A-F. Spinal dural arteriovenous fistula (SDAVF): anterior spinal artery and 
vein circulation. A Mid-arterial phase. B Late phase of the left T10 intercostal artery, 
which gives rise to the spinomedullary artery; this phase failed to demonstrate the 
radiculospinal vein. C Superselective injection of the right L2 lumbar artery demon- 
strates the SDAVF ( arrowhead ), the single ascending draining vein ( curved arrows), 
and the ascending venous drainage. D Plain film shows the radiopaque acrylic depo- 
sition with occlusion of the dural lesion and the first centimeter of the ascending 
draining vein ( white curved arrow). E, F Postembolization follow-up angiogram of 
the anterior spinal axis shows normal arterial (E) and venous (F) circulation time af- 
ter treatment, with opacification of the radiculomedullary vein (compare to A and B) 



During selective spinal angiography, following the injection of the 
anterior spinal artery, one can routinely demonstrate the drainage of the 
spinal cord into the radiculospinal veins. In SDAVFs, such spinal cord 
drainage is delayed (Fig. 12.5) and the venous return of the DAVS usually 
takes an ascending course toward the cervical and/or intracranial regions. 
Furthermore, maneuvers that change intr a- abdominal or intrathoracic 
pressure can aggravate symptoms in this condition. Tadie has proven that 
in SDAVFs one can reflux into the spinal veins from extraspinal injections, 
testifying to an impaired venous protective system. 

In one of our patients, an abnormal shunt at the epidural level was not- 
ed as causing root pain at that time. Some 4 years later, with venous 
drainage towards the medullary veins, the patient developed a myelopathy. 

An additional factor to consider is the requirement that a preexisting 
restriction of the venous drainage of the spinal cord and/or meninges may 
be present to make the acquired SDAVF symptomatic. The presence of 
thrombosis and recanalization seen pathologically is consistent with the 
pathophysiology of intracranial dural AVMs. 
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Thiebot et al. (1986) reported the case of a 24-year-old female patient 
with multiple SDAVFs draining into spinal veins without venous restric- 
tions or flow impairment. The patient had exhibited minimal nonpro- 
gressive symptoms since childhood and was followed for an additional 
5 years. The angiographic studies in this patient showed multiple SDAVFs 
with vascular structures similar to the glomerulus of Manelfe. Clear arte- 
riovenous shunting was noted in the angiograms but no associated out- 
flow restrictions were seen. The lesions drained through spinoradicular 
veins. This finding is highly suggestive of a congenital anomaly of the nor- 
mal anti-back flow mechanism described by Tadie et al. ( 1985). In contrast 
to the acquired (symptomatic) type of SDAVF, this lesion was in a very 
young patient, the arteriovenous fistulae were multiple (and only in the 
thoracolumbar area), the paraspinal venous drainage had a normal ap- 
pearance, and an unimpaired, normal-to-increased medullary transit 
time was present without stagnation. 

The usual clinical findings of the slowly progressive mixed motor and 
sensory myelopathy are reversible if properly treated in its early stage, al- 
though its effects may become irreversible in later stages when it is asso- 
ciated with a necrotizing myelopathy. This myelopathy can be explained 
by chronic venous hypertension (Aminoff et al. 1974b; Merland et al. 
1980a; Symon et al. 1984). 

The arteriovenous shunting into the coronary venous plexus of the 
spinal cord may extend to the dorsal and/or ventral surface of the cord. 
Extension may also occur upward to the cervical or intracranial dural si- 
nuses. One will not see the radicular spinal veins at the lumbar or thoracic 
area draining these lesions or the spinal cord itself. As the pressure in the 
venous system increases, it is progressively transmitted toward the intrin- 
sic veins of the spinal cord, mainly those of the posterolateral white mat- 
ter and lateral corticospinal tract, and subsequently affects the lateral fu- 
niculus, posterior column, and anterior gray. The relative sparing of the 
anterior median segment of the spinal cord is probably related to the 
anatomical organization, which preserves the central veins and of the an- 
terior median spinal vein (Symon et al. 1984). 

Venous hypertension reduces the arteriovenous pressure gradient and 
decreases tissue perfusion, resulting in progressive hypoxia to the spinal 
cord. The raised venous pressure further decreases blood flow by pro- 
ducing progressive intramedullary vasodilatation, with possible progres- 
sive exhaustion of autoregulation in the affected areas. Progressive vas- 
cular dilatation in this uncontrolled fashion reaching the capillaries re- 
sults in the transmission of undamped pulsations to the cord, decreased 
tissue perfusion with edema formation, and progressive loss of cord tis- 
sue function. 



12.3 Clinical Presentation 

of Spinal Dural Arteriovenous Fistulae 

The clinical presentation of DAVFs has been documented in various series 
in the literature (Kendall and Logue 1977; Merland et al. 1980a; Djindjian 
1978; Symon et al. 1984; Rosenblum et al. 1987a) and was documented 
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Table 12.3. Symptoms of spinal dural arteriovenous fistulae 3 



Symptoms 


Initial symptoms (%) 


Symptoms at diagnosis (%) 


Back and/or root pain 


28 


37 


Paresis 


40 


88 


Impotence 


3 


43 


Bowel disturbance 


4 


75 


Bladder disturbance 


5 


85 


Hemorrhage 


0 


0 



Total number of patients, 172. Based on Djindjian et al. 1977; Merland et al. 1980a; 
Symon et al. 1984; Rosenblum et al. 1987a; Berenstein and Lasjaunias 1992. 



in the first edition of this book (Vol. 5, Chap. 1) (Tables 12.1-12.3). Sub- 
sequently, additional series and case reports have been published (Bru- 
nerau et al. 1996; Hurst et al. 1995; van Dijk et al. 2002). 

There is a 5:1 male-to-female ratio in SDAVFs and age ranges from 
25 to 78 years. The vast majority of the patients, however, were older than 
50 years of age at the time of presentation, and the average age at presen- 
tation was 68 in the van Dijk series (2002). 

In van Dijk’s series the clinical history showed that the first signs of 
DAVFs were spastic gait in 55%, paresthesias in 47%, and pain in 33%. The 
time interval between initial symptoms and diagnosis was on average 
10.5 months. 

At the time of presentation for medical consultation, leg weakness or 
paraparesis was documented in 96%, sensory numbness or paresthesia 
occurred in 90%, urinary incontinence or retention in 82%, bowel prob- 
lems in 65%, and pain in 55% of patients. Sexual dysfunction is a frequent 
presenting symptom but often not discussed and poorly recorded. In- 
tradural hemorrhage, as a rule, does not occur with SDAVFs but has been 
reported in exceptional circumstances (Do et al. 1999). 



12.4 Imaging of Spinal Dural Arteriovenous Fistulae 

Advances in noninvasive imaging have greatly contributed to our ability 
to establish the timely diagnosis of spinal DAVFs. The role of plain films, 
myelography, and computed tomography has been taken over by MRI, 
which reliably demonstrates the presence of signal changes within the 
cord, signifying the imaging equivalent of the clinical symptomatology. 
The absence of significant mass effect and the nonspecific slight en- 
hancement following intravenous contrast administration all favor the 
nonneoplastic or nondemyelinating cause of these MRI findings (Masaryk 
et al. 1987; Gilbertson et al. 1995). In addition, abnormal flow voids can be 
seen, representing the prominent perimedullary venous system associat- 
ed with the retrograde venous reflux from the DAVF. These findings on 
MRI are nonspecific for the actual location of the dural fistula (Figs. 12.1, 
12.6) but are highly specific for their impact. Epidural, dural, and per- 
imedullary AVSs may all produce similar MRI findings, and therefore 
their clinical symptoms may also be similar (Figs. 12.7-12.9). Spinal 
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Fig. 12.6A,B. A 52-year-old 
man presented with a 5-month 
history of progressive thoracic 
myelopathy. MRI (A) shows 
increased signal changes with- 
in the thoracic spinal cord 
( arrows ) and possible flow 
voids along posterior aspect of 
the cord. Spinal angiogram 
with verification of the anterior 
spinal axis at the thoracic level 
showed delayed venous phase, 
requiring a search for a dural 
arteriovenous fistula, which, at 
the time of a second angiogram 
(B) was shown to be located at 
the foramen magnum and fed 
by the ascending pharyngeal 
artery and to be draining 
downward toward the cervical 
and thoracic levels (arrow) 




Fig. 12.7. Epidural arteriove- 
nous shunt at the low thoracic 
level ( long arrow) with drainage 
outward toward the hemia- 
zygos system ( short arrow) as 
well as toward the epidural 
venous plexus within the spinal 
canal ( double arrows) and asso- 
ciated with retrograde pial 
spinal cord venous drainage 
( arrowheads ) 
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Fig. 12.8A-C. A 72-year-old 
man presented with a 2-month 
history of progressive myelopa- 
thy. MRI (A) demonstrates evi- 
dence of prominent flow voids 
( arrows ) along posterior aspect 
of the cord and increased sig- 
nal at the conus level. Selective 
angiography into the lateral 
sacral artery ( double arrows, B) 
shows arterial supply ( short 
arrows) converging toward 
an epidural sacral arteriove- 
nous shunt ( arrowhead ) drain- 
ing toward the epidural venous 
plexus (open arrowhead). 

C Drainage toward the ascend- 
ing lumbar venous system was 
noted as well as reflux toward 
the sacral radicular vein, which 
drained cranially toward the 
conus along the RSI nerve root 
(long arrow) 




angiography will be needed to separate out these different etiologies and 
establish the exact nidus location of the AVS. Improvements in MRI tech- 
nique (Farb et al. 2001, 2002) have resulted in our ability to noninvasively 
demonstrate the actual location of the AVF along the dura, which, when 
present, will help focus the spinal angiogram on a specific segmental level 
(Figs. 12.10, 12.11). 

Spinal angiography is done when MRI has demonstrated evidence 
compatible with a venous congestive myelopathy as the explanation for 
the clinical symptomatology. While in the past the angiogram was done as 
part of the investigative process, nowadays it is done with the diagnosis of 
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Fig. 12.9. Paravertebral, epidural arteriovenous malformation presenting with my- 
elopathy, which on MRI (A) shows evidence of increased signal changes within 
the spinal cord (arrow). At selective angiography (B, C), this proved to be related to 
retrograde radicular venous drainage from the epidural venous plexus ( open straight 
arrow) to the perimedullary veins of the cord (arrows). The draining vein was surgi- 
cally clipped (arrows, D) to disconnect the epidural venous system from that of the 
spinal cord, leaving the epidural arteriovenous shunt to continue to drain toward the 
paravertebral hemiazygos venous system (open curved arrow) 

DAVF already strongly suspected or even confirmed by MRI. It can there- 
fore be more efficient and focused on the potential for endovascular treat- 
ment. It remains important to assess the blood supply to the spinal cord 
and in particular the origin of the main supply to the anterior spinal ar- 
tery (radicular-medullary arterial supply). This will allow for assessment 
of the circulation time within the spinal cord, which should be delayed if 
the myelopathy is caused by venous congestion (Fig. 12.5) (Launay 1979; 
Merland et al. 1980; Merland and Reizine 1987; Willinsky 1990b). It has 
been our routine to inject nonionic contrast material at 1 eels for 10 s into 
the intercostal or lumbar artery that supplies the anterior spinal axis 
(radicular-medullary arterial system). Delayed opacification of the venous 
phase (perimedullary and radicular-venous systems) of the region (sup- 
plied by the anterior spinal artery) beyond 20 s confirms the probable ve- 
nous cause of the myelopathy. If the myelopathy is at the cervical level the 
cervical anterior spinal axis should be examined rather then the radicu- 
lar-medullary arterial system at the thoracolumbar level. 

Another important reason to examine and to establish the origin of the 
anterior spinal artery is that it can be located at the same level as the radic- 
ular supply to the dural fistula. This information may preclude safe en- 
dovascular treatment of the DAVF (Figs. 12.12, 12.13) (Agarwal et al. 1992). 

While the majority of the DAVFs are located in the dura adjacent to the 
nerve root, occasionally the location is along the dura between two adja- 
cent nerve roots (intersegmental). This will invariably result in dual arte- 
rial supply to these types of DAVSs and make it imperative at the time of 
treatment to reach the venous outlet of the shunt, as otherwise the shunt 
will continue to be fed by the untreated arterial pedicle. 
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Fig. 12.10. Example of contrast- 
enhanced MRI axial view, 
at the level of the intercostal ar- 
teries, demonstrating normal 
vascular appearance (A) and 
findings in a case of spinal dur- 
al arteriovenous fistula (SDAVF, 
B). A prominent vascular chan- 
nel enters the spinal canal at 
the foraminal level (long arrow) 
and runs toward the posterior 
aspect of the spinal cord, show- 
ing the draining radicular vein 
from an SDAVF at the foramen 
level refluxing toward the 
dorsal perimedullary venous 
plexus of the spinal cord ( short 
arrow) 




Fig. 12.1 1 A, B. Example of con- 
trast-enhanced MRI (coronal 
view, A) in a patient investigat- 
ed for possible spinal dural 
arteriovenous fistula (SDAVF), 
demonstrating prominent vas- 
cular channel (arrow) entering 
intervertebral foramen as well 
as tortuous prominent chan- 
nels within the spinal canal. 
Selective angiography of the 
radicular artery at that same 
level demonstrates excellent 
correlation with the MRI find- 
ings, confirming the presence 
of SDAVF (arrow) and the re- 
fluxing radicular vein towards 
the perimedullary venous 
plexus of the spinal cord 




While the location of the DAVF can be anywhere along the dura, a cer- 
vical localization is extremely uncommon. In the Toronto series (van Dijk 
et al. 2002), the most frequent location was mid-thoracic and 70% of 
DAVFs were located on the left side. It is also accepted that the location of 
the dural shunt may be at the level of the foramen magnum or even in- 
tracranial (Figs. 12.6, 12.14) and yet present with spinal cord myelopathy 
due to the rerouting of the venous drainage of the shunt toward the per- 
imedullary venous system of the spinal cord (Willinsky et al. 1990c; Ma- 
hagne et al. 1992; Bret et al. 1994). Part of the angiographic protocol 
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Fig. 12.12A-D. A 48-year-old 
woman presented with pro- 
gressive myelopathy of several 
months duration. MRI (A) 
shows evidence of increased 
signal changes within the spinal 
cord and prominent flow voids 
along the dorsal and ventral 
aspect of the cord. Angiogram 
at L2 (B) shows evidence of 
opacification of spinal dural ar- 
teriovenous fistula (SDAVF) on 
the left side (arrow). Selective 
catheterization of the radicular 
branch of the L2 lumbar artery 
(C, D) shows that the same 
radicular artery supplies the 
AVF and the spinal cord (radi- 
culospinal artery, arrows), a 
contraindication for endovas- 
cular treatment 



Fig. 12.14A, B. Intracranial dural arteriovenous malformation at the level of the left ► 
petrous bone and drainage into the anterior and posterior spinal medullary veins. 

The patient presented with progressive myelopathy involving the lower extremities 
and sphincter dysfunction. A Cervical myelographic examination demonstrates pro- 
minent vascular structures (arrows). B Lateral subtraction angiogram of the supers- 
elective injection of the stylomastoid artery (small arrow). The site of fistulization is 
at the basal tentorial edge of the cerebellopontine angle (arrowhead), draining into 
the petrosal vein (curved arrows) and reaching the anterior and posterior medullary 
veins (long arrows). There is also reflux into cerebellar vermian veins and drainage 
into the straight sinus (curved arrows). Note filling of the middle meningeal artery 
via its tentorial branches 
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Fig. 12.13A, B. Selective angiography into the radicular branch of the L2 lumbar ar- 
tery demonstrates supply to both a spinal dural arteriovenous fistula ( long arrow, A) 
and the anterior spinal axis (radiculomedullary spinal artery , short arrows, B), a con- 
traindication to endovascular treatment 




Fig. 12.14A, B. Legend see p. 864 
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Fig. 12.15A-C. Multifocal spinal dural arteriovenous fistula (SDAVF). A Selective in- 
jection of the left T10 fills the radiculomedullary artery and an SDAVF on the level 
above the arrowhead, draining into the anterior spinal vein (arrow). B Late phase of 
the same injection. Note the descending and ascending drainage ( arrows ) and the 
dilution at the highest level ( curved arrow). C Injection of T7 shows a second dural 
lesion ( double arrowhead) draining cephalad. Note downward drainage to the same 
vein that drains the T10 lesion ( long arrow) and the exact site of venous anastomosis 
( curved arrow) 
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while investigating patients suspected of harboring a DAVF is to assess 
the intra- and extracranial circulation, in particular when no shunt can be 
identified at the thoracic, lumbar, or sacral levels. 

Multiple DAVFs in the same patient at the same time or occurring over 
time are exceptional (Fig. 12.15) (Pierot et al. 1993; Chaloupka et al. 1995) 
and they occur much less often than in intracranial DAVFs. 

Spontaneous closure of an SDAVF without treatment is extremely rare 
(Meder et al. 1995). 



12.5 Treatment of Spinal Dural Arteriovenous Fistulae 

12.5.1 Indications 

The presence of an SDAVF is an excellent indication for treatment in all 
patients, as the risk of endovascular or surgical treatment is minimal and 
the possible benefits are significant. This applies even to patients present- 
ing with what appear to be fixed neurological deficits. 



12.5.2 Embolization of Spinal Dural Arteriovenous Fistulae: Techniques 

The main objective of SDAVF treatment is to occlude the draining radic- 
ular vein as it exits from the arteriovenous shunt, thereby insuring dis- 
connection of the microfistula from the spinal cord venous system. It is 
occluded (at the time of embolization) within the first millimeters of the 
exiting vein (Figs. 12.16, 12.17) or (at the time of surgery) prior to its 
opening into the pial network (Fig. 12.9). In sacral lesions, the long drain- 
ing vein can be occluded over several centimeters, as it only reaches the 
medullary veins at the conus level. The only significant contraindication 
to endovascular treatment of SDAVF occurs in those patients in whom the 
anterior or posterior spinal artery originates from the same pedicle as the 
SDAVF (Figs. 12.12, 12.13) (Merland et al. 1980a, b; Agarwal et al. 1992). In 
the great majority of patients, embolization can close the lesion in a very 
safe manner. 

In view of the small size of the afferent arteries and the fistula itself (in 
the 40-60 pm range), only a low- viscosity liquid agent will reach the nidus 
and the proximal vein. Particulate agents, such as polyvinyl alcohol (PVA) 
or dura mater, will not be effective or may only give temporary good re- 
sults. Almost invariably their use results in recanalization and recurrence 
(Hall et al. 1989; Morgan and Marsh 1989). Particles will not penetrate ef- 
fectively to obtain complete cure and we consider them contraindicated in 
the endovascular management of SDAVFs. 

Closure of SDAVFs using a liquid embolic agent is best accomplished 
with a mixture that will have a long polymerization time, such as V 3 
N-butyl-cyanoacrylate (NBCA) with 2 / 3 iophendylate (lipiodol). The in- 
jection can be done with a simple superselective catheter or with a coaxi- 
al assembly system. The acrylic -iophendylate mixture can be injected in a 
continuous column or using a so-called sandwich or push technique. The 
technical goal of therapy is occlusion of both the nidus and the proximal 
portion of the afferent vein. 



868 12 Spinal Dural Arteriovenous Fistulae 




Fig. 12.16A-D. Spinal dural arteriovenous fistula (SDAVF) of the sacrum. A Angiog- 
raphy using a coaxial system with a variable stiffness microcatheter (arrow) demon- 
strates the arterial component ( small arrows) and the site of shunting ( arrowhead ) 
with its ascending venous drainage ( curved arrow). Note the retrograde filling of the 
contralateral dural supply to the sacrum (arrow). B Later phase of the same injection 
with better filling of the right lateral sacral artery (large arrows). C Digital subtrac- 
tion angiography image of the acrylic deposition at the time of embolization shows 
the cast of the SDAVF as well as the proximal aspect of the radicular vein (arrowhead) 
and the distal segment of the right lateral sacral contribution. D Follow-up left inter- 
nal iliac injection. There is no filling of the SDAVF and good opacification of both the 
right lateral sacral artery (arrow) and the medial sacral artery (large arrow). This 
confirms that there is no filling of the lesion 
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Fig. 12.17. Spinal dural arteriovenous fistula (SDAVF) shown at 3-D digital subtrac- 
tion angiogram on frontal view (A) and axial view (B) to be located at T12 (left side) 
and supplied by the radicular artery ( long arrows) and to be draining first toward the 
ventral medullary venous plexus ( short arrows). C-G see p. 870 



As in other anatomical locations, the collateral circulation of the dura 
of the involved region must be examined for the presence of natural arte- 
rial collaterals: ipsilateral above and below the level of the fistula as well 
contralateral at the same level of the DAVF and repeated on the immedi- 
ate postembolization studies (Fig. 12.3). 

The absence of radicular vein opacification at the thoracic level, during 
the ascending venous drainage phase of a thoracolumbar or lumbosacral 
SDAVF might favor the use of heparin following embolization. Similarly, 
patients with descending venous drainage in a thoracic SDAVF may bene- 
fit from postembolization anticoagulation therapy for at least several days. 

As opposed to the treatment of spinal epidural AVFs, there is no role for 
the venous endovascular approach to SDAVFs ( Willinsky et al. 1993). 



12.5.3 Results of Spinal Dural Arteriovenous Fistula Embolization 

Nimii et al. (1997) (49 cases), Song et al. (2001a) (27 cases), Westphal and 
Koch (1999) (47 cases) and van Dijk et al. (2002) (49 cases) reported the 
initial success rate of endovascular treatment with liquid adhesive embol- 
ic materials to vary between 25% and 90% of all cases. Nimii et al. (1997) 
considered penetration of the liquid adhesive into the fistula without pen- 
etration into the proximal vein as adequate, which is reflected in their 
high recurrence rate of 23%. Song et al. (2001a) reported a failure rate of 
25%, but follow-up angiography was done in only 65% of the patients. 

Up to 80% of patients will show clinical benefit from this form of treat- 
ment, ranging from clinical improvement of various degrees to stabiliza- 
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tion. Merland and Reizine (1987) reported on 63 patients treated at Lari- 
boisiere Hospital (27 operated on and 36 embolized). In 50% of patients, 
there was a significant improvement of symptoms, in 20% only minor im- 
provement occurred, in 16% the progressive myelopathy stabilized, and in 
4% there was an aggravation or continued deterioration. Clinical im- 
provement was noted in days, weeks, or within 3 months. The best results 
were seen in patients with the shortest time between onset of symptoms 
and treatment. Clinical improvement occurred primarily in motor func- 
tion, deep sensory function, and strength. Superficial sensation and 
sphincter improvement was noted later and was less satisfactory. These 
results are similar to those reported by Merland and Reizine (1987), Barth 
et al. (1984), and more recently by Song et al. (2001b). Significant im- 
provement in motor and bladder function was also demonstrated by van 
Dijk et al. (2002), with a mean follow-up of 32.3 months. Song et al. 
(2001b) demonstrated that if the patient was treated within 13 months of 
symptom onset, improvement in gait and to a lesser extend bladder func- 
tion could be anticipated. 

Complications associated with endovascular treatment could be related 
to the failure to recognize that the same radicular artery supplying the 
AVF is also contributing to the supply of the anterior or posterior spinal 
arterial systems with inadvertent embolization of this supply. Another po- 
tential cause for complication is the inadvertent deposition of the embol- 
ic material beyond the nidal-venous junction and into the perimedullary 
venous system of the spinal cord, causing thrombosis of the spinal cord 
venous system. Both these potentially devastating complications are 
avoidable with proper analysis of the anatomical situation and choice and 
method of injection of the embolic material. Recent experience by well- 
trained teams has shown the complication rate associated with endovas- 
cular treatment to be extremely low or even absent (van Dijk et al. 2002). 



12.5.4 Surgery for Spinal Dural Arteriovenous Fistulae 

If endovascular therapy is unsuccessful, surgery should be performed 
during the same hospital stay. As indicated above, the goal of surgical 
treatment will be the same: disconnection (transection, division) of the 
radicular vein as it runs intradurally from the dura toward the spinal cord 
perimedullary venous plexus (Fig. 12.13). 



◄ Fig. 12.17 ( continued ). Selective angiography in to the intercostal artery (C-E) showed 

radicular branches to be converging toward a DAVF, with retrograde drainage into the 
radicular vein and subsequently to the ventral perimedullary venous plexus ( long ar- 
row) and then downward around the conus and upward to the dorsal venous plexus 
(short arrow). Selective injection into the radicular artery (F) showed converging 
branches towards the DAVF ( arrowhead ) draining into the ascending radicular vein 
(long arrow). Embolization with a liquid mixture of glue (G) demonstrates that the 
embolic material has reached the proximal portion of the radicular vein (long arrow), 
resulting in permanent obliteration and cure 
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In the past, excision of the dura at the site of fistula was proposed 
(Hurth et al. 1978; David 1982; Oldfield 1989; Symon et al. 1984; Morgan 
and Marsh 1989); however, this approach has for the most part been aban- 
doned (Afshar et al. 1995). The results of surgery are very much the same 
as glue embolization. Of 55 patients reported on by Symon et al. (1984) (50 
with SDAVFs),7 (13%) deteriorated after surgery. Symon ascribed this de- 
terioration to excision of some of the coronary venous plexus of the spinal 
cord in association with division of the radicular vein emptying into the 
medullary venous system. Stripping the vein on the dorsal surface of the 
spinal cord must therefore be discouraged at all costs, as it is the wrong 
type of operation and may lead to clinical worsening. In Symon’s series, in 
65% of the 31 severely disabled patients and in 80% of 15 moderately dis- 
abled patients, there was appreciable improvement of gait and sphincter 
control. Similarly good results were noted in five out of six patients re- 
ported on by Oldfield (1989) and in seven of eight operated on by Morgan 
and Marsh ( 1 989) (one patient was not operated on by the author). A good 
surgical response was also more recently noted by Westphal et al. (1999) 
and van Dijk et al. (2002). In patients with intracranial shunts draining 
downward toward the spinal cord veins, interruption of the vein draining 
the fistula will give similar good results. 



12.5.5 Postoperative Follow-up 

In the great majority of patients with SDAVFs who have undergone en- 
dovascular or open surgery, some improvement or arrest in progression 
follows. In those with no improvement within 4-6 weeks after treatment, 
repeat MRI and angiographic investigation should be considered. MRI 
may be able to show evidence of progressive venous thrombosis as an ex- 
tremely rare unfavorable progression of previously successful treatment. 
MRI at 4-8 weeks after treatment rarely shows improvement in signal 
changes within the spinal cord, even in patients who respond favorably to 
treatment (Willinsky et al. 1995). Therefore, the absence of improvement 
as shown on MRI does not necessarily reflect residual or recurrent DAVF, 
as the MRI findings tend to lag behind the clinical findings. On the other 
hand, if MRI clearly shows the persistence of flow voids along the spinal 
cord in a patient who did not respond to therapy, then repeat angiography 
is indicated (Mascalchi et al. 2001). The repeat angiographic work-up 
should start with the injection of the anterior spinal artery to verify the 
circulation time again. If prolonged, the ipsilateral and contralateral arte- 
rial pedicles at the level of the DAVF as well as those above and below that 
level should be reevaluated. If no residual fistula is demonstrated a search 
should be made to exclude the occurrence of a second fistula. Similarly, in 
those patients showing initial improvement but subsequent cessation of 
improvement or deterioration, reevaluation is mandatory, as recanaliza- 
tion or development of a second fistula, although extremely rare, may be 
found. 
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Table 13.1. Vascular tumors of the spinal column 



Benign 

Hemangiomas 
Aneurysmal bone cyst 
Osteochondroma 
Osteoid osteoma 
Osteoblastoma 
Chondromas 

Malignant 

Giant cell tumors 
Osteogenic sarcoma 
Chondrosarcoma 

Malignant tumors of hematopoietic origin, e.g., lymphomas 

Multiple myelomas 

Hemangiopericytoma 

Chordoma 

Plasmacytoma 

Metastatic tumors of the kidney, thyroid, etc. 



13.1 Introduction 

The indications for spinal angiography and endovascular embolization of 
spinal tumors are mostly related to the evaluation prior to percutaneous 
biopsy or surgical intervention. Less frequently, embolization may be 
performed following an unsuccessful attempted resection, because of ex- 
cessive bleeding, or to palliate inoperable tumors. 

Angiography may be indicated prior to biopsy or surgery of tumors, 
which have shown prominent enhancement on contrast-enhanced CT or 
MRI examinations. Tumors that present with areas on MRI suggestive of 
high flow or hypervascularity (signal void on Tl- and T2-weighted) are 
also candidates for angiography. 

Highly vascular tumors such as known metastatic disease from kidney 
or thyroid tumors are lesions in which endovascular treatment may be 
performed preoperatively or as a palliative measure for either pain, spinal 
cord compression, or when intra-arterial chemotherapy is considered. 

Angiography is also of value to localize the origin of spinal cord arter- 
ies prior to transthoracic operative approaches or other extensive spinal 
instrumentation procedures. Table 13.1 lists the most frequent vascular 
tumors of the spinal column, including those for which angiography or 
endovascular intervention may be requested. 



13.2 Spinal Angiography 

The angiographic findings of spinal and bony tumors are not specific, ex- 
cept for some benign lesions such as vertebral body hemangiomas and os- 
teoid osteomas. Other imaging studies such as plain film, CT, and MRI will 
contribute more toward the histological diagnosis. Malignant spine and 
paraspinal tumors, although histologically different, may in fact have 
similar angiographic patterns, plasmacytoma versus Ewing’s sarcoma, as 
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Fig. 13.1 {left). Plasmacytoma. Selective injection of the T10 intercostal artery demon- 
strates a tumor blush. Note the extension of the blush beyond the confines of the par- 
tially collapsed vertebral body. There is no evidence of arteriovenous shunting 



Fig. 13.2 {right). Ewing’s sarcoma. Selective injection of the right T9 intercostal ar- 
tery shows a tumor extending beyond the vertebral body with a well-circumscribed, 
convex, outward margin, showing a paraspinal extension. There are no angiographic 
findings to differentiate this tumor from that shown in Fig. 13.1 



illustrated in Figs. 13.1 and 13.2. The definitive histological diagnosis of 
spinal vascular mass lesions is therefore made by percutaneous image- 
guided biopsy. Depending on this information as well as the patient’s clin- 
ical status, a treatment plan is made that may include presurgical spinal 
angiography and embolization. 



13.3 Angiographic Protocol 

When investigating tumors of the spine and paraspinal structures, re- 
gardless of their etiology, an angiographic protocol should be followed that 
varies according to the level that the tumor involves the spine or spinal 
cord. Irrespective of the indication for angiography (presurgical identifi- 
cation of spinal cord supply, embolization of metastatic tumor, etc.), the 
same protocol for angiographic evaluation will apply. 

In general, different levels of the spinal column will have different vas- 
cular arrangements. For practical purposes, we have divided the spinal 
column into five territories (Table 13.2). Since the spinal column is a mid- 
line structure, blood supply to lesions involving the spinal column may be 
derived from the right or the left side. Therefore, both sides should be 
studied systematically. 

Most of the symptomatic spinal tumors are not confined to the spine it- 
self but may have an extension into the spinal canal or have a paraspinal 
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Table 13.2. Arteries to be studied angiographically in patients with spinal tumors 



Upper cervical regions (C1-C4) 

Vertebral arteries 
Occipital arteries 
Ascending pharyngeal arteries 
Thyrocervical (anterior) trunks 
Costocervical (dorsal) trunks 

Midcervical region (C5-C7) 

Vertebral arteries 
Thyrocervical trunks 
Costocervical trunks 
Supreme intercostal arteries 
Ascending pharyngeal arteries 

Upper thoracic region (T1-T4) 

Supreme intercostal arteries 
Thyrocervical trunks 

Thoracic and upper lumbar regions (T5-L3) 

Intercostal lumbar artery of the involved level 

Intercostal arteries of two levels above and below the tumor site 

Lower lumbar and sacral region (L4 sacrum) 

Lower lumbar arteries (L3-L4) 

Iliolumbar arteries 
Lateral sacral arteries 
Medial sacral arteries 



component, which is best demonstrated on CT or MRI. As the tumor 
grows into the adjacent vertebral foramen or when it extends into the 
paraspinal soft tissues, additional vascular supply will be recruited. 



13.4 Embolization 

Since the introduction of selective spinal angiography and the develop- 
ment of selective endovascular embolization (Djindjian and Faure 1965; 
Di Chiro and Doppman 1969), many reports have been published on 
the value of embolization of vascular tumors of the spine (Benati et al. 
1974a, b; Djindjian et al. 1981; Lum and ter Brugge 2002). 

Embolization is not a curative treatment for spinal tumors. It can, in 
certain circumstances, reduce mass effect and palliate immediate symp- 
toms such as pain, relieve spinal cord compression, and possibly slow tu- 
mor growth. When surgical intervention is to be performed, preoperative 
embolization will facilitate more complete tumor removal. Moreover, 
tumors previously considered unresectable may become resectable after 
embolization (Choi and Berenstein 1988a). Over the past 20 years, em- 
bolization has become an accepted and valuable adjunct mode of treat- 
ment for certain benign and malignant vascular tumors of the spine (Sun- 
daresen et al. 1985, 1986). 
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13.4.1 Cervical Tumors 

In spinal tumors of the cervical region, consideration must be given 
to specific vascular anatomical details. This includes the bilateral supply 
from the vertebral arteries and the bilateral supply from the occipital, the 
dorsal, and/or ascending cervical and/or ascending pharyngeal arteries. 
The competence of the circle of Willis and the dominance of the vertebral 
arteries is to be assessed in case one vertebral artery needs to be sacri- 
ficed. Versatility of interventional materials and techniques may be need- 
ed when superselective catheterization of the branches of the vertebral 
artery cannot be accomplished and the distal (cerebral) territory needs to 
be protected. In these circumstances a balloon can be placed distally in the 
vertebral artery in order to protect the cerebral circulation. With the aid 
of such temporary balloon occlusion, good devascularization can be ob- 
tained, often facilitating removal of extensive and very vascular lesions 
(Fig. 13.3). 



1 3.4.2 Thoracic, Lumbar, and Sacral Tumors 

In the thoracic and lumbar regions, the level of involvement is studied 
bilaterally as well as the two levels above and below the involved area 
(Figs. 13.1, 13.4, p. 880). If significant paraspinal disease is present, then 
more levels may need to be studied and possibly treated. In sacral tumors, 
the internal iliac arteries, including the lateral sacral arteries as well as the 
middle sacral artery, must be evaluated. 

Preoperative embolization of benign tumors is performed with poly- 
vinyl alcohol (PVA), alone or mixed with 20%-40% ethanol, and some- 
times with V-butyl- cyanoacrylate (NBCA) or with a combination of agents. 
The circulation may be rerouted by closing collaterals or less direct feed- 
ers, often with Gelfoam or coils, or by devascularizing one side. This will 
leave the tumor fed by a single or dominant pedicle, which will facilitate 
the delivery of more aggressive embolic materials. This pedicle is not oc- 
cluded proximally, leaving access for retreatment if necessary. Coils or oth- 
er forms of occlusion may also be used to protect normal territory or anas- 
tomoses to adjacent levels that supply a spinal cord artery in order to best 
direct the embolic or cytotoxic agent to the target (Fig. 13.5, pp. 881, 882). 



13.4.3 Chemoembolization 

Kato first introduced the term “chemoembolization” in 1978. In order to 
increase the local release of a chemotherapeutic agent into a tumor, mito- 
mycin C microcapsules, with particle sizes of 224.6±45.9 mm, were pre- 
pared and injected through an angiographic catheter toward the target. 
The microcapsules produced local ischemia. The sustained release of 
mitomycin C from the capsules increased the duration of contact between 
the drug and target cells. 
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Fig. 13.3A-H. Osteoblastoma at Cl. A Axial CT at Cl after intravenous administra- 
tion of contrast material demonstrates marked enhancement in an aneurysmally di- 
lated C2. B Left vertebral artery injection in lateral projection demonstrates a hyper- 
vascular tumor supplied by Cl ( curved arrow) and C2 (arrow). C Superselective 
catheterization of the distal Cl (long arrow) with the variable stiffness microcatheter 
(small arrows). Note the hypervascularity of the tumor but no arteriovenous shunt- 
ing. D Lateral digital subtraction angiography, last image hold, from a radiopaque 
(low viscosity) liquid acrylic embolization. Note the excellent catheterization ob- 
tained and the very distal penetration. E-H see p. 879 
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Fig. 13.3 (continued). E Right vertebral artery injection shows the right side contri- 
bution. Multiple small pedicles originated from the right vertebral artery (best seen 
in F). F Balloon occlusion of the vertebral artery distal to the small feeding vessels 
(curved arrow). G Plain film after embolization on both sides demonstrates the 
radiopaque cast of the embolized tumor and the position of the two detachable 
balloons (arrow). Note the excellent penetration into the interstices of the tumor. H 
Follow-up postembolization angiogram of the left vertebral artery, which has been 
preserved, showing the small remaining vessel (open curved arrow) and the retro- 
grade filling of the right vertebral artery up to the level of the detached balloon 
(curved arrow) 
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Fig. 13.4A-C. Thoracic plasmacytoma (same patient as in Fig. 13.1). A Right T9 in- 
tercostal injection early phase. Note the tumor vascularity and displacement. B Late 
phase of the left T9 shows the extension of tumor above the partially collapsed ver- 
tebral body (arrows). C Injection one level above T8 on the right. Note the parasitic 
supply to the posterior elements ( arrows ) from the extraspinal longitudinal anasto- 
motic system ( curved arrow) 



Courtheoux et al. (1985) reported on chemoembolization of spine 
metastases using mitomycin C microcapsules or doxorubicin (adriamycin) 
mixed with dura mater. Improvement of clinical symptoms such as pain 
and neurological deficits was noted during a 58-month follow-up period. 

Early results of chemoembolization suggested that this technique was 
an excellent palliative treatment for unresectable metastases. Nonethe- 
less, further clinical and pharmacological studies are needed in conjunc- 
tion with comparative studies with other cytotoxic embolic agents such as 
ethyl alcohol, which in our experience has been encouraging. 



13.4.4 Intralesional Embolization 

Direct intralesional embolization was reported on by Nicola and Lins in 
1987, who injected methyl methacrylate into a hemangioma of a vertebral 
body. Transarterial embolization with particles was followed by laminec- 
tomy, and methyl methacrylate was injected through a cannula positioned 
in the pedicles during surgery. Since that time, the experience with percu- 
taneous image-guided injection of methyl-methacrylate has grown con- 
siderably and is now widely used around the world. The polymerized 
acrylate supports the weakened vertebral body so that no further stabi- 
lization is necessary, and dramatic relief of pain occurs with excellent 
long-term effect (Galibert et al. 1987; Chiras et al. 1997; Jensen et al. 1997). 

Profuse bleeding is rarely a significant problem during percutaneous 
biopsy procedures of spinal lesions, but can be managed by direct injec- 
tion of an embolic agent such as Gelatin (Gelfoam) powder, microcollagen 
(Avatine) slurry, or acrylic material (Fig. 13.6). 
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Fig. 1 3.5A-G. Metastatic hypernephroma of L5. A Selective injection of L4 shows the 
left side supply to the tumor at L5. B Follow-up angiogram after embolization of 
polyvinyl alcohol (PVA) microparticles in 30% ethanol. Note the distal spasm from 
the ethanol (arrow). C Digital subtraction angiogram of the right-side contribution. 
D Follow-up angiogram at the ostia of L4 and following chemoinfusion of the right 
side with 95% ethanol, leaving the pedicle opened for future treatments. Note reflux 
to the left iliac artery. E-G see p. 882 





882 13 Tumors of the Spinal Column and Spinal Cord 





Fig. 13.5 ( continued ). Plain film after the chemoembolization (E). Note the radio- 
paque 95% ethanol mixed with metrizamide (Amipaque) in the interstices of the tu- 
mor (arrows). Gianturco coils were used prior to chemoinfusion to protect normal 
branches. F Axial CT scan at the level of L5 prior to treatment shows the destructive 
lesion of the vertebral body with extraspinal extension. G Follow-up axial CT at the 
same level 6 months later demonstrates ossification of part of the lesion. There was 
significant relief of pain 
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Fig. 13.6A, B. Direct intrale- 
sional embolization. A Frontal 
and B lateral views of the lum- 
bar spine during a percuta- 
neous biopsy. Massive bleeding 
was encountered. Injection of 
contrast material demonstrates 
a hypervascular lesion with 
arteriovenous shunting into 
the inferior vena cava ( curved 
white arrows). To stop the 
bleeding, direct embolization 
through the cannula with mi- 
crocollagen (Avatine) suspen- 
sion was accomplished. Patho- 
logical diagnosis was intra- 
osseous vascular malformation 




13.5 Benign Tumors 

13.5.1 Vertebral Hemangiomas 

Vertebral hemangiomas are a common incidental finding at autopsy and 
their overall incidence has been estimated at 11% (Schmorl and Jung- 
hanne 1971). In the great majority of patients, these lesions are asympto- 
matic. The incidence increases with age (McAllister et al. 1975). The tho- 
racic spine is most frequently affected, but any part of the spine may be 
involved, including the sacrum and cervical vertebrae (McAllister et al. 
1975; Djindjian et al. 1981). Multiple lesions may be present in the same 
individual. There is a slight female predominance; in Djindjian’s series of 
20 symptomatic patients (Djindjian et al. 1981), the mean age at time of 
presentation was 37 years. This is similar to our experience with a series 
of 29 patients with symptomatic lesions. Presentation in childhood is 
rare but has been reported (Hoefnagel and Wegner 1961; Paige and Hem- 
mati 1977). 

Symptoms, when present, depend on the degree of bony involvement. 
Local pain, tenderness, and back pain were seen in lesions confined to the 
vertebral body in close to 50% of patients in Djindjian’s series. The true 
incidence of symptoms, however, is probably higher, as few patients are 
referred exclusively for pain. Slow, progressive spinal cord or root com- 
pression may occur when extension of the lesion occurs beyond the con- 
fines of vertebral body. Cord compression may result in a progressive 
myelopathy, with symptoms ranging from paraparesis to paraplegia. 
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McAllister referred to the epidural extension of a soft tissue mass without 
bony collapse (McAllister et al. 1975). Cord compression may also result 
from compression fracture (Graham and Yang 1984) or epidural hemor- 
rhage; the presentation of symptoms in such patients will be acute 
(Kosary et al. 1977). 

Histopathologically, the lesions have been described as consisting of 
thin-walled blood-filled vessels and sinuses lined by endothelium and in- 
terspaced among the longitudinally oriented bony trabeculae. The dilated 
vascular channels are set in a substrate of fatty marrow (Murray and Ja- 
cobson 1977). 

Plain radiographic findings are often characteristic, consisting of ei- 
ther parallel linear streaks or a course trabecular pattern in a vertebral 
body of overall decreased radiodensity. CT scan will demonstrate promi- 
nent vertical trabeculae with intervening regions of low (<90 HU) atten- 
uation within the vertebral body, giving a characteristic honeycomb ap- 
pearance (Price and Batznitzky 1985). On contrast-enhanced CT, one may 
see the enhancement of epidural and/or paraspinal soft tissue extension 
of the lesion. 

MRI of vertebral hemangiomas produces a characteristic appearance 
(Ross et al. 1987). T1 -weighted images show areas of increased signal in- 
tensity within the involved vertebral body, while on T2-weighted images, 
they appear as areas of moderately to markedly increased signal intensity 
compared to the remainder of the involved vertebral body (Figs. 13.7, 
13.8). At times these bright areas may be intermixed with areas of de- 
creased signal intensity, giving a mottled appearance, and rarely do they 
show decreased signal on Tl-weighted images (Fig. 13.9). It is noteworthy 
that the appearance of the extraosseous component, which shows an in- 
termediate soft tissue signal on Tl-weighted images and increased signal 
intensity on T2-weighted images (Fig. 13.7). Chemical shift images show 
an increased lipid component in the osseous portion of the lesion, which 
correlates well with histopathological findings. In contrast, the extra- 
osseous component contains little, if any, adipose tissue, which explains 
the lack of a high-intensity signal on Tl-weighted images. Contrast en- 
hancement will best show the full extent of the lesion (Fig. 13.7). 

At the time of spinal angiography of hemangiomas, certain basic prin- 
ciples, which govern the vascularization of the spinal column at the tho- 
racic level, will need to be kept in mind. The posterior portion of the ver- 
tebral body is best filled from a left-side injection (Fig. 13. 10), whereas the 
anterior portion of the vertebral body is often opacified after injection of 



Fig. 13.7A-D. MRI of a hemangioma. A Sagittal MRI Tl-weighted image demon- ► 
strates the decreased signal of the T4 vertebral body with evidence of soft tissue mass 
extending toward the spinal canal (arrows). B Gadolinium-enhanced sagittal MRI 
clearly demonstrates the tumor enhancement of T4 extending into the spinal canal. 
Note the epidural extension cephalad (arrow) and the bright signal in the spinal cord 
(curved arrow). C Frontal digital subtraction angiogram of the T6 intercostal artery 
on the right demonstrates the tumor vascularity without evidence of arteriovenous 
shunting. D Superselective catheterization of the feeding pedicle (arrow). Note the 
tumor vascularity without evidence of arteriovenous shunting. Variable stiffness mi- 
crocatheters make this distal catheterization possible, preserving the bronchial and 
distal anastomoses 
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Fig. 13.7A-D. 

Legend see p. 884 
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C 

Fig. 13.8A-C. Type B hemangioma. A T2-weighted image after gadolinium enhance- 
ment. Note the inhomogeneous enhancement of L3 without extension beyond the 
confines of the vertebral body. B Early and C late phase of the left L3 injection 
demonstrates multiple hemangiomatous vessels and a vascular pattern compatible 
with the MRI findings 



Fig. 13.9A,B. A 28-year-old 
female patient presented with a 
3-month history of localized 
back pain. T1 -weighted MRI 
(A) shows evidence of in- 
creased signal intensity within 
the Til vertebral body, with in- 
creased signal on the fat-sup- 
pressed T2-weighted MRI (B), 
a rare MRI appearance of ver- 
tebral hemangioma 










Vertebral Hemangiomas 887 




* 



Fig. 13.10 (left). Type A vertebral body hemangioma. Selective injection of left Til 
intercostal artery in early arterial phase shows the hypervascular tumor with dilated 
osseous branches (arrows). A hypervascular dense blush (arrowhead) and filling of 
the posterior portion of the vertebral body (long arrows ) on the left side are present 

Fig. 13.11 (right). Type B hemangioma. Selective injection of the right, LI late phase 
shows small irregularly distributed pools of contrast material (arrowhead), which re- 
main in the late phase 



the right intercostal artery (Fig. 13.11) (Djindjian et al. 1981). In the mid- 
arterial phase, densely stained pools of various sizes fill progressively and 
persist far into the venous phase (Figs. 13.7, 13.10). The injection of the 
intercostal arteries of the appropriate level will show both the osseous 
and the epidural and paraspinal extensions of the lesion (Lum and ter 
Brugge 2002). 

The angiographic appearance of the affected vertebral bodies may vary. 
Djindjian divided them into three groups and correlated the angiographic 
appearance with the clinical presentation. Group A consisted of patients 
with extravertebral extension of their lesions that presented with signs and 
symptoms of long-standing and progressive spinal cord compression. On 
angiography, the lesions of the group A patients appeared to be dense, with 
heterogeneous opacification of the total vertebral body via dilated osseous 
branches. No arteriovenous shunting was present (Fig. 13.7). 

In the group B patients, the lesions appeared angiographically as small 
irregularly distributed pools of contrast material, with similar anterior 
and posterior distribution on the vertebra (Figs. 13.8, 13.11). These tu- 
mors did not have an extravertebral extension. The symptoms correlated 
well with the angiographic appearance and consisted of back pain and 
local tenderness, while some patients were asymptomatic. 
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Group C consisted of asymptomatic patients with the radiographic di- 
agnosis of hemangioma of the vertebral body, in which no pathological 
opacification was noted during angiography. Voigt and Lumper (1976) 
were able to opacify such vertebral hemangiomas by percutaneous tran- 
sosseous injections of contrast material. 

The term “hemangioma” has been frequently used to describe the 
group of vascular lesions involving osseous elements of the spinal canal 
and its surroundings. However, as seen in the above description of the 
clinical and histopathological characteristics of these lesions, they are not 
true hemangiomas. Specifically, they have rarely been described in chil- 
dren (Hoefnagel and Wegner 1961; Paige and Hemmati 1977), and their 
incidence increases with age (McAllister et al. 1975). They do not behave 
as true hemangiomas in that they do not go through a period of rapid cel- 
lular growth or proliferation, nor do they go through a period of regres- 
sion or involution. No mast cells can be seen pathologically, and no stro- 
ma is found, as seen in hemangiomas involving craniofacial or other soft 
tissues. Therefore, when purely intraosseous, these benign lesions appear 
and behave more as vascular malformations within bone and marrow. 
When extraosseous, they become symptomatic by local compression. This 
is not infrequently related to the degrees of bony fracture, with extra- 
osseous extrusion of vascular elements. 

The angiographic appearance of lesions found in the group A patients, 
with various-sized pools and referred to by Djindjian et al. (1981) as be- 
ing in a more advanced stage, probably signifies rupture or fragmentation 
of the trabeculae and communication of vascular elements to marrow 
spaces, but without frank arteriovenous shunting. 



13.5.1.1 Associated Lesions 

Involvement of more than one vertebral body can often be seen and cor- 
responds to additional independent lesions. 

The association of vertebral body hemangiomas and vascular malfor- 
mations involving the spinal cord and/or skin (spinal arteriovenous 
metameric syndrome, or Cobb’s syndrome) probably is a separate entity, 
a true segmental arteriovenous malformation (AVM) with bony involve- 
ment (Bhattacharya et al. 2001). The feeding vessels are hypertrophied 
and there is a high-flow condition with arteriovenous fistulization. The 
vertebral body involvement is different from that seen in isolated heman- 
giomas of bone. The plain film examination may show changes caused by 
pressure erosion, which are greater than those with intraosseous heman- 
gioma. Incidental hemangioma of bone may be seen in a patient harbor- 
ing a spinal cord arteriovenous malformation (SCAVM), as it can be found 
in the general population. 



13.5.1.2 Pretherapeutic Evaluation 

Incidental lesions that are asymptomatic should not be treated. In symp- 
tomatic lesions, CT and/or MRI may provide additional information rele- 
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vant to the diagnosis and extension of the lesion, while angiography is 
reserved for patients who will undergo subsequent surgical treatment. 



13.5.1.3 Treatment 

In patients with localized pain, treatment will depend on the ability of 
more conservative measures to control the symptoms. If conservative 
measures are successful and there is no evidence of spinal cord compres- 
sion, sequential noninvasive imaging (CT/MRT) can be used to follow pa- 
tients conservatively. Although radiation therapy has been reported as 
useful, even in the presence of cord compression (Ferber and Lampe 1942; 
McAllister et al. 1975), we reserve its use for patients who do not respond 
to embolization and surgery. 



13.5.1.4 Embolization 

In symptomatic lesions without cord compression, transarterial emboli- 
zation may relieve pain, although frequently this relief is only temporary. 
Transarterial embolization with liquid embolic material may provide a 
longer-lasting effect (Fig. 13.12). 

If embolization is to be the sole form of treatment, and in the absence 
of cord compression, percutaneous image-guided intralesional injection 
of polymethyl methacrylate has become the treatment of choice 
(Fig. 13.13). Nicola and Lins were the first to describe this technique 
(Nicola and Lins 1987) and since that time, numerous investigators have 
confirmed its benefit in the treatment of symptomatic spinal heman- 
giomas (Galibert et al. 1987; Chiras et al. 1997; Jensen et al. 1997). 



Fig. 13.12. Plain film after 
liquid acrylic embolization of a 
hemangioma. Same patient as 
in Fig. 13.10. Note the excellent 
cast obtained. Liquid acrylic 
is more effective and has a 
longer-lasting effect than par- 
ticles 
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Fig. 13.13A, B. A 32-year-old 
female patient with progressive 
back pain localized to the L4 
vertebral body. MRI T1 -weight- 
ed image shows (A) character- 
istic appearance of heman- 
gioma (arrow) involving most 
of the vertebral body. Percuta- 
neous transpedicular injection 
of methyl methacrylate (arrow, 
B) resulted in dramatic total 
pain relief 



Its role presently does not include treatment of patients presenting 
with cord compression, as they need urgent surgical decompression pre- 
ceded by spinal angiography and transarterial embolization with small 
particles of PVA. Percutaneous intralesional treatment in these circum- 
stances may in fact worsen the clinical symptomatology. 

In patients with Cobb’s syndrome, the treatment is usually geared to- 
ward the SCAVM. In extraspinal AVMs with secondary involvement of 
bone, the best treatment appears to be an aggressive endovascular em- 
bolization followed, if possible, by surgical excision. 



13.5.2 Aneurysmal Bone Cysts 

Lichtenstein (1950) first introduced the term “aneurysmal bone cyst” in 
1942. In 1950, Lichtenstein differentiated aneurysmal bony cysts from 
giant cell tumors and established criteria for the differential diagnosis 
between giant cell tumors, hemangiomas, and osteogenic sarcomas. 

Pathologically, the lesion consists of unclotted venous blood under 
pressure; the walls of the spaces are lined by an indistinct epithelium 
made of a brownish fibro-osseous patchwork with a few giant cells. Ex- 
travasated blood, hemosiderin-laden phagocytes, and fields of osteoid 
and new bone formation are seen (Lichtenstein 1950). Communicating 
bone spaces causing expansion and ballooning of the periosteal shell of 
bone is the typical radiographic appearance. 



7 3.5.2 . 7 Clinical Presentation 

Aneurysmal bone cyst is a disease that primarily affects young people: 
80% of patients present before the age of 20 (Tillman et al. 1968), and both 
sexes are equally involved. The lesions can grow rapidly, with the duration 
of symptoms averaging 4 months. There can be acute exacerbation of 
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symptoms that may result in permanent spinal cord or nerve root damage 
secondary to compression. However, patients may also be asymptomatic 
or symptoms may even regress. These tumors may occur at any location, 
although 90% of them involve the spine (Hay et al. 1978; Ameli et al. 1985). 
Most involve the posterior elements of the vertebra, but the ventral por- 
tion may also be involved. In about 15%-20% of patients, aneurysmal 
bone cysts may involve adjacent vertebral bodies. Clough and Price (1973) 
stated that aneurysmal bone cyst is the only benign tumor that involves 
two adjacent vertebrae, but hemangiomas may also involve more than one 
vertebral body (Djindjian et al. 1981). 

The main symptom of aneurysmal bone cysts of the spine is pain. The 
involved area is tender to palpation, and/or symptoms secondary to spinal 
cord or nerve root compression may be present. 



13.5.2.2 Pretherapeutic Evaluation 

Plain radiographs, CT, and MRI are of great value in establishing the di- 
agnosis. Radiographic findings include a destructive expansile lesion 
associated with aneurysmal ballooning of the surrounding bone and sur- 
rounding by a thin shell of bone. This finding may be best appreciated on 
plain films or CT. MRI is the method of choice to show the soft tissue ex- 
tent of the lesion and its relationship to the adjacent dural sac, spinal cord, 
and nerve roots. Visualization of the abnormal bone cysts by percuta- 
neous injection of radiopaque contrast material directly into the lesion 
has been reported by MacPherson (1980). Percutaneous needle biopsy can 
be done but carries the risk of producing an extradural hematoma (Hay et 
al. 1978). 



13.5.2.3 Angiography 

Selective spinal angiographic findings may vary from a faint or slightly 
dense vascularity, consisting of irregular, mostly dilated tortuous arteries 
and only partial filling of the lesion, to a rich vascular network of dilated, 
tortuous vessels and a dense heterogeneous tumor stain with enlarged 
feeding vessels. On occasion, arteriovenous shunting maybe seen (Djind- 
jian et al. 1981). Additional angiographic features of some aneurysmal 
bone cysts include patchy areas of contrast material collection within the 
cyst, with late disappearance during the venous phase (Lindborn et al. 
1961), or a densely vascularized cyst (Pouyanne et al. 1951). 

The apparent discrepancy in the vascular patterns seen in aneurysmal 
bone cysts may be successive stages of development of the lesion itself. 



13.5.2.4 Differential Diagnosis 

Aneurysmal bone cysts of the spine must be differentiated from giant cell 
tumors, hemangiomas, cysts, fibrous dysplasias, osteosarcoma, osteoblas- 
toma, and metastatic lesions. Giant cell tumors are rarely seen in patients 
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younger than 20 years of age and occur most commonly in the sacrum. 
There is no ballooning of the bone and no cavernous vascular spaces 
(Gruszkiewicz et al. 1982). Vertebral hemangioma can be differentiated by 
its characteristic radiographic appearance (see Sect. 13.5.1), although 
there is a cavernous type, which affects the vertebral body. However, this 
lesion does not show aneurysmal expansion and does not involve neigh- 
boring vertebrae (Poolos and White 1980). Simple bone cysts can be easi- 
ly differentiated by lack of enhancement on either contrast-enhanced CT 
or MRI. Fibrous dysplasia affects the same age group but usually involves 
more than one vertebra and may involve bones at a distance such as the 
pelvis or skull. These lesions are painless and proportional; they grow 
slowly with skeletal growth and stop growing when skeletal growth stops. 
Osteosarcoma and metastatic lesions tend to produce more significant 
pain and are generally present in an older age group; they fail to show any 
ballooning or expansion of bone. 



13.5.2.5 Pathogenesis 

There are several theories on the pathogenesis of aneurysmal bone cyst. 
Lichtenstein (1972) believed that the condition is the result of local he- 
modynamic alterations within the bone circulation and could result from 
intraosseous shunts. Biesecker et al. (1970) measured the pressure with 
the cavities of aneurysmal bony cysts and found an increased pressure 
within the vascular spaces. It is interesting to note that Bonakdarpour et 
al. (1978) found that in approximately one-third of 75 patients presenting 
with aneurysmal bone cyst, the lesions were associated with other 
pathologies such as fibrous dysplasia, osteoblastoma, or chondrosarcoma. 
Other aneurysmal bone cysts were noted to be associated with trauma 
(Ameli et al. 1985). 

Ameli et al. (1985) suggest that the bone cyst may be due to the hemo- 
dynamic imbalance in a bone with a preexisting congenital vascular 
anomaly. The triggering factor (associated lesion, trauma, etc.) can inter- 
fere with the venous drainage of the area. Therefore, the rate of growth of 
the lesion will be adversely affected by venous congestion. They suggest 
that this hypothesis can explain the presence of communicating spaces 
containing unclotted venous blood under pressure. This in turn will pro- 
duce expansion of the affected bone and a sclerotic rim. Furthermore, the 
hypothesis can also explain why some of these lesions maybe arrested or 
cured following biopsy or curettage. Recurrence of the lesion following 
curettage may then be related to isolated cavities not being opened during 
the original operation. Therefore, radiation therapy or endovascular em- 
bolization may suffice in controlling this condition by occluding the feed- 
ing arteries and thereby decreasing intraosseous pressure. It is presently 
not known whether these mechanical factors alone or growth factors and 
intercellular signaling are more likely to be responsible for the peculiar 
progression of these lesions. 
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13.5.3 Other Benign Vascular Tumors 

Spinal angiography for other benign tumors is rarely performed since 
plain radiographs, CT, and MRI are more useful for specific diagnosis. 

Osteoblastomas are usually diagnosed by clinical findings and conven- 
tional radiography. Osteoid osteoma, osteochondroma, chondroma, or os- 
teoblastoma may frequently show a hypervascular tumor stain without 
arteriovenous shunting or dilated feeding arteries. We have experience 
with two unusual large osteoblastomas, one involving C2 (Fig. 13.3) and a 
second one involving T9. There were dilated feeding arteries entering the 
tumor and branching, with a dense irregular tumor stain. Several areas of 
contrast pooling were observed with prominent venous drainage. The 
preoperative management is the same as for other bony tumors. 



13.5.4 Giant Cell Tumors 

Giant cell tumors can be considered as malignant. Although they are most 
commonly present in the epiphysis of long bones, they can also involve the 
spine. Of 218 lesions reported on by Goldenberg et al. (1970), 11 affected 
the sacrum, 2 were in the lumbar spine, and 1 affected the cervical region. 



13.5.4.1 Pathology 

Histopathologically, the lesions have small loculi that are divided by thin 
septae containing abundant hemosiderin. The malignant characteristics 
of giant cell tumors can be graded on a 1-10 scale depending on the ap- 
pearance of the cellular elements, with the less malignant type containing 
a higher ratio of giant cells than the more malignant type, which contains 
a higher number of atypical, mitotic mononuclear cells and few giant cells 
(Jaffee et al. 1940). 



13.5.4.2 Clinical Presentation 

The clinical presentation may be insidious or acute, depending on the bi- 
ological behavior of the tumor and local compression of the spinal cord 
or nerve roots. 



13.5.4.3 Radiographic Findings 

On plain film radiography and CT, the affected vertebral body usually 
demonstrates a lytic lesion. The vertebral body may be expanded with 
cortical disruption and extension of tumor into the paravertebral and 
epidural spaces, causing spinal cord or nerve root compression. MRI will 
show these features to the best advantage (Fig. 13.14). 

A variety of angiographic patterns have been described including (a) a 
homogeneous well-circumscribed stain, with a network of long narrow 
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Fig. 13.14A-D. Giant cell tumor. A Axial CT scan demonstrates a destructive lesion 
of the sacrum with extraspinal extension ( white arrows). B MRI T2-weighted image 
of the same patient. C Right and D left internal iliac artery injections demonstrate the 
rich tumor vascularity without arteriovenous shunting 



arteries producing a faint capillary opacification (Fig. 13.14), (b) a highly 
vascular tumor extending beyond the vertebral body that may affect the 
adjacent rib or soft tissues, and (c) a dense heterogeneous opacification, 
with pools and venous stagnation but without early arteriovenous shunt- 
ing (Djindjian 1976; Djindjian et al. 1970b). Djindjian described what he 
felt were characteristic vascular patterns of giant cell tumors consisting 
of (a) dilated arteries and veins that branch near the cortex of the tumor 
with fine corkscrew-shaped vessels running in a parallel fashion, (b) 
prominent arteriovenous shunting, and (c) an absence of blood pools. 
Based on the mixed reports and the rarity of the tumor, no characteristic 
angiographic pattern has so far been identified. 
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It may therefore not be possible to differentiate giant cell from other 
malignant tumors or even some benign tumors by angiography alone 
(Table 2.1). 



13.5.4.4 Embolization 

Angiography and embolization for giant cell tumors are indicated as 
preoperative or prebiopsy measures. This will apply to all other vascular 
tumors, primarily those of malignant nature. The possibility of develop- 
ing protocols for endovascular infusions of chemotherapeutic agents or 
ethanol will be discussed under metastatic disease. 



13.6 Malignant Tumors 

Various imaging techniques will be used at the time of investigation and 
treatment planning of patients presenting with spinal malignant neoplas- 
tic disease. Plain radiographs, CT, nuclear bone scanning and most im- 
portantly MRI, all have a role to play in the demonstration of bone and 
soft tissue involvement by neoplastic disease and reveal, in certain cases, 
tumor type-specific characteristics. 

Since differentiation between different malignant tumors by angiogra- 
phy is difficult and impractical, only typical angiographic findings of ma- 
lignancy will be discussed. 

The most frequent malignant tumor referred for preoperative or pal- 
liative embolization is metastatic disease and among them, those from re- 
nal cell carcinomas and thyroid carcinomas are the most frequent. 

In general, the feeding arteries in malignant lesions are dilated. Small 
osseous branches are recognizable, in contrast to the homogeneous stain 
of normal vertebral bodies in which no distinct branches can be seen. The 
usual distribution of a hemivertebral stain is lost. The pathological blush 
can extend beyond the confines of the bone. The vascularity may vary 
from lesion to lesion. The tumor vessels are irregular in caliber and have 
a distorted course with abrupt angulations within the tumor. Compared 
to benign lesions, the tumor stain occurs earlier and irregular vascular 
lakes are often noted. The venous drainage frequently shows arterio- 
venous shunting. Early filling of the epidural or paravertebral venous 
plexuses is common (Fig. 13.15). The draining veins may or may not be 
dilated. 

Malignant lesions often extend to the adjacent vertebral bodies and 
paravertebral spaces, recruiting new vascular supply. To recognize the ex- 
tent of the lesion, the boundary of the tumor must be identified by study- 
ing the collateral circulation. 

Vertebral metastases are the most frequent spinal tumors. In Torma’s 
(1957) series; of 250 patients with spinal malignancies, 170 had metastat- 
ic disease. Schmorl and Junghanne (1971), reviewing a series of autopsy 
findings, found metastatic lesions of the thyroid represented 33% of all le- 
sions in females, whereas in men 34% were metastatic lesions of the kid- 
ney. The thoracic and lumbar areas were the most frequently affected 
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Fig. 13.15 {left). Malignant metastatic paraganglioma involving two adjacent verte- 
bral bodies with preservation of the intervertebral disc space, with arteriovenous 
shunting. Note the intraspinal venous drainage {curved arrow) and the extraspinal, 
longitudinal, venous drainage {open curved arrow) 



Fig. 13.16 {right). Metastatic lesions of L2 and L3 {arrowheads) receive their blood 
supply from the same pedicle that supplies the spinomedullary (ASA) artery. This is 
a contraindication for embolization 



(Barron et al. 1959). Any part of the vertebral body may be affected with 
the pedicles being most frequently involved. 

The most common clinical presentations are spinal cord compression 
or pain caused by bony collapse or extradural extension of tumor. 

Besides kidney and thyroid, epidermoid epithelioma, epithelial carci- 
noma, and undifferentiated carcinomas can all produce similar angio- 
graphic patterns (Djindjian et al. 1981). 
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13.6.1 Pretherapeutic Evaluation 

The pretherapeutic evaluation includes CT and/or MRI for diagnosis of 
the primary tumor and evaluation of the metastatic extension. Spinal an- 
giography and embolization are then performed focusing on the sympto- 
matic lesion prior to spinal instrumentation. Success with an aggressive 
surgical approach to malignant tumors of the spine, including metastatic 
disease, has been established over the past two decades (Sundaresen 1985, 
1986). This type of surgical approach often requires preoperative em- 
bolization to reduce intraoperative blood loss (Choi and Berenstein 
1988a, b). In some patients, endovascular treatment alone may also be 
done as palliation for spinal cord compression or pain unresponsive to 
other forms of therapy. 



13.6.2 Embolization 

The endovascular treatment of malignant lesions will consist of a prether- 
apeutic assessment of the intercostal, lumbar, or cervical pedicles involved 
(Figs. 13.4, 13.5). High-quality, digital subtraction angiography is per- 
formed under general anesthesia to exclude the presence of a radicu- 
lomedullary artery at the same level as the tumor (Fig. 13.16). The more 
selective the catheterization can be, the more easily one can identify the 
possible coexisting supply to the spinal cord at the same level as the tu- 
mor, as less selective injections may fail to show such supply due to the 
superimposed tumor blush. In the absence of a radiculomedullary or 
radiculopial contribution, endovascular treatment is performed by injec- 
tion of small particles of PVA until flow stagnates. Surgery can be per- 
formed within days after the embolization procedure. 

In selected cases, such as recurrent malignant tumors, tumor palliation 
with the intra-arterial infusion of a cytotoxic agent such as 95% ethanol 
can be proposed. Progressive infusion of 95% ethanol made radiopaque 
with metrizamide powder is done to progressively devascularize the le- 
sion. This is then followed by PVA microparticles suspended in ethanol. 
The main pedicle is preserved, if necessary, for additional treatment. We 
recommend caution, as in the immediate postembolization course, a 
temporary disseminated intravascular coagulation syndrome can occur, 
probably secondary to the release of intracellular elements, particularly 
following aggressive ethanol infusion in metastatic hypernephroma. 
Therefore, appropriate blood coagulation studies are recommended prior 
to surgical resection. If endovascular treatment is the only modality of 
treatment patients are left on strict bed rest for the first 48 h to prevent 
vertebral body collapse. 

Percutaneous vertebroplasty has also been used successfully to stabi- 
lize and treat pain associated with vertebral body collapse from malig- 
nancies such as multiple myeloma. Similar to such treatment for heman- 
gioma, it should only be performed when there is no evidence of cord 
compression. The symptomatic level should be treated first, but if adja- 
cent levels are involved multiple levels can be treated at the same time 
(Fig. 13.17). 
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Fig. 13.17A-C. A 67-year-old man with a known history of multiple myeloma pre- 
sented with severe recent onset of back pain localized to the L2 vertebral body. Lat- 
eral view lumbar spine on plain film (A) and MRI Tl-weighted image (B) demon- 
strates partial compression and anterior wedging of L2 body (arrow). Clinical symp- 
toms were immediately relieved after percutaneous injection of methyl-methacrylate 
(arrow, C) 



13.7 Spinal Cord Tumors 

Angiography and embolization of spinal cord tumors is limited to he- 
mangioblastomas, as they represent the only clinically significant vascu- 
lar tumor of the spinal cord. 



13.7.1 Hemangioblastomas 

A variety of synonyms have come into practice for the term “heman- 
gioblastoma”, including capillary hemangioblastoma, capillary heman- 
gioendothelioma, hemangioendothelioma, and angioreticuloma. 

The incidence of hemangioblastomas among tumors of the spinal cord 
and cauda equina varies from 4%-5% (Jellinger 1978) to 10%— 12% ac- 
cording to Hurth (1975a, b), which most likely reflects individual surgical 
referral bias. They may be multiple, even without full expression of von 
Hippel-Lindau disease. Hemangioblastomas may be found anywhere in 
the spinal cord, but there is a preponderance in the cervical and thoracic 
regions (85%). Simultaneous posterior fossa and spinal lesions are quite 
common. Yasargil (1978) found an incidence of 34% in 65 patients that he 
reviewed from the literature and of 67% in his 12 patients. In addition, five 
(56%) out of nine patients autopsied in his review had simultaneous 
lesions. 



73.7.7.7 Histopathology 

These tumors are composed of vascular spaces forming endothelial ele- 
ments that are separated by large cells, termed “stromal cells,” whose ori- 
gin and nature are obscure. Histologically, they resemble angioblastic 
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Fig. 13.18. Autopsy specimen (A) demonstrates small hemangioblastoma at cerebel- 
lar brainstem junction with tumor nodule ( small arrow) and associated gelatinous 
cystic component ( long arrow). Histopathological examination (B) shows large num- 
bers of thin-walled fairly closely packed blood vessels lined by plump endothelial 
cells and separated by large pale cells, with either central or extrinsic nuclei (stromal 
cells) 



meningiomas or clear cell carcinomas of the kidney (Rubinstein 1972). 
Russell and Rubinstein (1971) felt that many hemangioblastomas origi- 
nated from the pia and therefore constituted a variant of meningeal neo- 
plasms. This, however, has been a controversial issue. Much of the prob- 
lem hinges on the difficulty of determining the nature of the stroma cell 
and on whether it or the endothelial elements constitute the primary neo- 
plastic cell in these tumors. 

Gross pathological examination almost always shows a well-circum- 
scribed tumor, which may be either solid or partially cystic (Rubinstein 
1972) (Fig. 13.18). Some 40% are solid and about 60% are cystic with a 
mural nodule. Although they are well circumscribed they do not have a 
discrete capsule. The cut surface of a hemangioblastoma is spongy, and 
the smaller cystic areas consistently disclose dilated blood spaces. Anoth- 
er characteristic feature is the presence of opaque, golden yellow foci due 
to large amounts of lipids (Rubinstein 1972). Sometimes there are regions 
in which a rusty brown color is found due to old hemorrhage. 

Microscopically, the most striking feature is the presence of large num- 
bers of thin-walled fairly closely packed blood vessels lined by plump en- 
dothelial cells and separated by large pale cells with either central or ex- 
trinsic nuclei (Fig. 13.18). An abundant network of reticular fibers that in- 
tersect the tumor cells and clear delineation of the outlets of the vascular 
architecture can be noted. The cytological features of both endothelial 
and the stroma cells are usually benign. The exact nature of the stroma 
cells is unclear. They resemble the xanthomatous cells found in menin- 
giomas. Pericytes may be found in the so-called angioblastic menin- 
gioma. 

Spence and Rubinstein (1975) studied the histogenesis of capillary he- 
mangioblastomas by tissue culture and electron microscopy. These stud- 
ies demonstrated three cell types: endothelial cells, pericytes, and stromal 
cells, all of which were neoplastic. Capillary hemangioblastomas were 
thus suggested to originate from vessel-formative elements, sharing vari- 
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able, angiogenic, differentiation features, to form capillary walls. The stro- 
mal cells are now felt to be an aberrant cell type of an angiogenic mes- 
enchymal lineage, which do not convert into endothelial cells. 



13.7. 1.2 von Hippel-Lindau Disease 

von Hippel-Lindau disease (VHL) is a hereditary familial disease trans- 
mitted by an autosomal dominant gene and although the age of onset and 
the severity of the condition may vary, penetrance is virtually 100% 
(Gough et al. 1984). VHL is characterized by tumors of the CNS and ab- 
dominal viscera, including cerebellar hemangioblastoma (36%-60% of 
patients), retinal angiomatosis (more than 50%), renal cell carcinoma 
(25%— 38%), pheochromocytomas (10%), and medullary and spinal cord 
hemangioblastomas (less than 5%) (Fig. 13.19). Other frequent but less 
devastating lesions include adenomas, angiomas, and cysts of the kidney, 
pancreas, liver, and epididymis. 

The association of hemangioblastoma with VHL varies from 10% to 
20%. The existence of incomplete forms is more frequent. Houdart and 
Djindjian (1974) suggested that the term “von Hippel-Lindau disease” 
should be used to refer to all forms of hemangioblastomas, single or mul- 
tiple, with or without visual lesions, in which a familial character can be 
demonstrated. Kendall and Russell (1966) suggested that the association 
of spinal and cerebellar hemangiomas is sufficient to establish the diag- 
nosis. Additional associated lesions present in VHL include pheochromo- 
cytomas of the adrenals; cysts and tumors of the pancreas, lung, liver, kid- 
ney; and cystadenomata of the ovaries. Vascular skin nevi and anomalies 
of the diploic vessels, with enlargement and tortuosities of the veins of the 
mesentery and stomach wall, are also seen (Djindjian et al. 1981). The 
presence of hypertension suggests the possibility of associated pheochro- 
mocytomas (Nibbelink et al. 1969). 




Fig. 13.19A, B. A 38-year-old 
female patient with a known 
family history of von Hippel- 
Lindau disease presented with 
progressive ataxia. Contrast- 
enhanced T1 -weighted MRI ax- 
ial plane at the posterior fossa 
level (A) and sagittal plane at 
the cervical level (B) demon- 
strate multiple enhancing nod- 
ules ( arrows ) characteristic of 
hemangioblastomas involving 
both the spinal cord and the 
cerebellum 
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Waldmann et al. (1961) reported the association of polycythemia with 
cerebellar hemangioblastoma and postulated the production of an ery- 
thropoietic stimulating factor by the tumor. After resection of the tumor, 
the hematocrit often returns to normal but polycythemia characteristi- 
cally reappears with recurrence of the tumor (Hoff and Ray 1968). Wald- 
mann (1961) was able to isolate an erythropoietic substance from the 
tumor cyst fluid of one patient. It is interesting to note that this poly- 
cythemia has been reported with cerebellar tumors and was actually not- 
ed in 1943 by Carpenter et al. Cramer and Kinsey (1952) estimated it to be 
present in 9% of 53 patients they reviewed. No report of polycythemia as- 
sociated with a spinal lesion is available, although Yasargil (1976) specu- 
lated that spinal tumors might also be associated with polycythemia. 

Growth and Spread 

Although grossly they are well-defined tumors, hemangioblastomas have 
no capsule. Frequently the capillaries appear to sprout in a slightly irreg- 
ular fashion into the adjacent brain tissue. Incomplete removal will there- 
fore lead to recurrence. Distant metastasis from the hemangioblastoma 
does not occur. 



Table 13.3. Location of intra- 
spinal hemangioblastomas (180 
tumors in 138 patients; modi- 
fied from Hurth et al. 1975a) 



Location 


n (%) 


Cl 


23 (13%) 


C4 


30 (17%) 


T7 


67 (37%) 


T10 


44 (24%) 


L2 


16 (9%) 



Thus 29% of all tumors were 
cervical, 61% were thoracic, and 
9% were lumbar. 



Presentation and Natural History 

The natural history of spinal cord hemangioblastoma is that of a typical 
intramedullary tumor producing pain and progressive sensorimotor 
deficits, progressing to paraplegia or tetraplegia (Herrmann 1999). The 
course is usually slow, with an average duration of 3 years (Yasargil 1978). 
Symptoms of cord compression are more prominent and more rapidly 
progressive with extradural hemangioblastomas than with the intra- 
medullary lesions. Hemangioblastomas are located primarily in the pos- 
terior aspect of the spinal cord (Kinney and Filzgerald 1947). With simul- 
taneous posterior fossa and spinal lesions, the initial symptoms are 
usually those of increased intracranial pressure. 

Hemorrhage is rarely the presenting symptom of hemangioblastoma. 
Djindjian (1962) reported this to occur in 1 out of 22 patients. Yasargil 
(1978) stated that hemangioblastomas do not present with bleeding but 
may do so following surgical intervention. Subarachnoid hemorrhage 
presentation is extremely rare (Yasargil 1976, 1978). 

A syrinx is present in approximately 70% of patients with spinal lesions 
(Fig. 13.20), root involvement in about 15%, and associated visual retinal 
lesions in about 30%. The latter are usually asymptomatic. Hurth et al. 
(1975a, b) reported on the largest series, consisting of 138 patients with 
180 tumors. Some 91% of tumors were intradural. Of these, 76% were in- 
tramedullary, 7% were extramedullary, 17% were radicular, and 12% were 
epidural. Some 29% of tumors occurred at the cervical region, 61% in the 
thoracic, and 9% in the lumbar area (Table 13.3). The intramedullary he- 
mangioblastomas were usually situated in the posterior half of the cord. 
The intradural extramedullary lesions were separate from the cord and 
nerve roots. They were usually located posterolateral to the cord. Radicu- 
lar hemangioblastomas arise from the nerve roots alongside the spinal 
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Fig. 13.20A-D. A 41-year-old female patient presented with progressive myelopathy. 
MRI PDI (A) showed evidence of syrinx (arrow) within the lower thoracic cord. Con- 
trast-enhanced Tl-weighted MRI sagittal plane (B) demonstrates enhancing nodule 
( arrowhead ) along dorsal aspect of the conus medullaris. Injection of the radicu- 
lomedullary artery in lateral (C) and AP view (D) shows the anterior spinal artery 
( long arrows) to be the dominant supply to the hemangioblastoma ( arrowhead ) via 
circumferential anastomosis to the posterior spinal network as well as via the collat- 
eral anastomosis around the basket ( small arrows). Venous drainage along the dorsal 
aspect of the spinal cord is noted (curved arrow) 



Fig. 13.21A-G. A 33-year-old female patient with known von Flippel-Lindau disease ► 
presented with new onset of progressive myelopathy over a 4-month period. MRI ex- 
amination Tl-weighted (A), proton density imaging (PDI) (B), and Tl-weighted (C) 
showed evidence of increased signal within the lower thoracic cord (long arrow) and 
flow voids along the surface of the cord (short arrow). Enhanced MRI TWI showed 
numerous enhancing nodules (arrows) within the thoracic and lumbar spinal canal. 
Selective spinal angiography demonstrated delayed opacification of the anterior 
spinal axis (not shown) and multiple posterior spinal arteries supplying numerous 
hemangioblastomas (arrows; only two shown), with extensive opacification of the 
dorsal venous network, presumably responsible for venous congestion and clinical 
symptoms 
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Fig. 13.21A-G. Legend see p. 902 
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cord. The posterior root is involved in 36% of radicular tumors, the ante- 
rior root in 7%, and the cauda equina in 57%. At the cauda equina level 
they attain quite a large size. When the tumors originate from a radicular 
location they will frequently have an hourglass appearance. The occur- 
rence of epidural lesions is controversial (Djindjian et al. 1981). Cysts 
within or close to the tumor are present in about 50% of patients. There 
is associated syringomyelia in 67% of intramedullary tumors (Browne 
et al. 1976). 

Progressive myelopathy is a rare clinical presentation of patients with 
hemangioblastomas (Fig. 13.21) but can occur in the presence of multiple 
lesions and poor venous drainage from the spinal cord venous system, 
creating a venous congestion type of phenomenon similar to patients 
with dural spinal arteriovenous fistulae. 

Retinal lesions are typically peripheral, with tortuous, dilated arterial 
and venous structures. They are present in approximately 50% of patients 
with spinal hemangioblastomas and are often bilateral (Craig et al. 1941; 
Hardwig and Robertson 1984). Retinal symptoms usually precede spinal 
symptoms and are generally the earliest manifestation of the disease. Due 
to the common association of spinal, posterior fossa, and retinal tumors, 
careful ophthalmological examination is mandatory once a hemangio- 
blastoma has been diagnosed. Direct ophthalmoscopic examination is the 
best way to detect retinal lesions (Hardwig and Robertson 1984); radio- 
logical imaging plays only a minor role in the diagnosis of ophthalmic 
lesions. Photocoagulation is effective in treating the majority of early 
retinal lesions, whereas the untreated lesions progress to blindness of the 
affected eye (Yasargil 1978). 

In view of the genetic character of the disease, once a diagnosis of VHL 
has been made, screening and long-term follow-up of the patient’s rela- 
tives is mandatory. Sato et al. (1988) demonstrated the important role of 
MRI in the diagnosis and follow-up of patients with VHL. 

While there have been various reports of cerebellar hemangioblas- 
tomas becoming symptomatic during pregnancy (Robinson 1965; Fer- 
rante et al. 1984; Rand 1957; Kasarskis et al. 1988), such progression has 
not been demonstrated with the spinal cord localization of the heman- 
gioblastoma. 



13.7.2 Pretherapeutic Evaluation of Hemangioblastomas 
7 3.7.2. 1 Computerized Tomography 

Contrast-enhanced CT scanning is of limited use in establishing the diag- 
nosis of spinal hemangioblastoma, as it is less accurate and less practical 
than MRI. 



13.7.2.2 Magnetic Resonance Imaging 

At present, MRI with gadolinium is the procedure of choice in the inves- 
tigation of patients with possible spinal cord hemangioblastomas. 
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Fig. 13.22. Vertebral angiogram 
in lateral view (A) and frontal 
view (B) demonstrates charac- 
teristic dorsal location of he- 
mangioblastoma ( open arrow) 
at the upper cervical cord level, 
with arterial supply from the 
posterior-lateral spinal artery 
( arrows ) arising directly from 
the vertebral artery and venous 
drainage toward the midline 
dorsal venous system ( double 



MRI with contrast enhancement has the great advantage of showing: 

- Tumor nodules associated with serpentine tubular structures repre- 
senting prominent draining veins 

- The cystic portion of the lesion 

- Associated edema 

- The presence and extent of syringomyelia 

- The status of the spinal cord (Figs. 13.19, 13.20) 

MRI is also an excellent way to follow up patients with multiple heman- 
gioblastomas and to establish coexisting intracranial localizations (Sato 
et al. 1988). Signal changes within the spinal cord may mimic those 
with progressive myelopathy associated with spinal dural arteriovenous 
fistulae, but contrast enhancement will demonstrate the tumor nodules 
(Fig. 13.21) 

The pretherapeutic evaluation usually starts with investigation of the 
symptomatic location. Once the diagnosis is suspected or confirmed, a 
more extensive investigation is indicated to explore more than one tumor, 
the family history, and other organ involvement. The availability of CT 
and MRI justifies a complete CNS and abdominal diagnostic work-up. 

13.7.2.3 Angiography 

The characteristic angiographic appearance is that of a hypervascular 
mass, which is opacified early and persists as a dense homogeneous stain, 
usually well delineated (Figs. 13.20-22). No arteriovenous shunting is 
present. The angiographic appearance of hemangioblastomas in all loca- 
tions is the same (Di Chiro et al. 1967; Djindjian et al. 1981). The absence 
of arteriovenous shunting is an important point in the angiographic dif- 
ferentiation between hemangioblastoma and AVM. In AVMs, individual 
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vessels, although superimposed, are seen through the angiogram. If mul- 
tiple nodules in the spine or posterior fossa are seen, then the diagnosis 
will be obvious. 



13.7.3 Feeding Arteries 

In the spinal cord, screening requires demonstration of the entire anteri- 
or spinal artery axis and pial network since all tumors receive their blood 
supply from spinal cord vessels. 

In the spinal cord, the most frequent supply is from the posterior spinal 
artery or arteries, as the tumors are most frequently located on the dorsal 
surface of the cord. At the upper cervical levels, this means supply from 
the posterior-lateral spinal artery should be expected (Fig. 13.22). At the 
level of the cervical or lumbar enlargement or in deep intramedullary 
tumors, sulcocommissural arteries from the anterior spinal artery are di- 
lated when supplying the lesion (Fig. 13.20). 

Hemangioblastomas for the most part receive their blood supply from 
a single pedicle. In tumors in which more than one pedicle is demonstrat- 
ed, the possibility of more than one nodule must be considered. When a 
large tumor recruits more than one territory, a multicompartmental 
arrangement is seen, in which the various compartments fill only from 
one pedicle. 



13.7.4 Draining Veins 

There is no arteriovenous shunting in these hypervascular tumors; the 
draining vein(s) are primarily retromedullary and may be large, usually 
proportional to the size of tumor they drain, and should not be mistaken 
for SCAVMs. 



13.7.5 Treatment and Embolization 

Surgical excision using microsurgical techniques is the treatment of 
choice for symptomatic lesions. 

In tumors with posterior spinal artery supply, the posterior spinal ar- 
tery can be superselectively catheterized and embolized prior to surgical 



Fig. 13.23A-D. Embolization of a hemangioblastoma. A Frontal subtraction angio- ► 
gram of the right ascending cervical artery, which gives a radiculomedullary artery 
(arrow) and a radiculopial supply ( arrowheads ). Due to the spinomedullary supply, 
embolization of this vessel carries the risk of damaging the spinal cord. B Left as- 
cending cervical artery injection demonstrates good access to the left portion of the 
tumor via the spinopial supply from the left (curved arrow). Note that the portion of 
the tumor supplied by the contralateral (right) side is not opacified, representing a 
second compartment or tumor nodule. C Superselective catheterization of the left 
radiculopial artery (curved arrow). D After gelatin sponge (Gelfoam) powder em- 
bolization, there is complete stagnation of radiopaque microemboli within the tu- 
mor (white arrows) 
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Fig. 13.23A-D. 
Legend see p. 906 
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Fig. 13.24A-H. A 33-year-old female patient with symptomatic cerebellar heman- 
gioblastoma was preoperatively treated with transarterial injection of glue. Vertebral 
angiogram in lateral view, early (A) and late arterial phase (B), shows dense tumor 
blush without venous shunting. Dural supply from the ascending pharyngeal artery 
is noted on the lateral view of the external carotid angiogram (C). Superselective in- 
jection of the superior cerebellar artery supply to the hemangioblastoma with con- 
trast (D) and with liquid glue (E) as well as a second branch with glue (F) resulted in 
significant devascularization of the hemangioblastoma, as shown on postemboliza- 
tion vertebral (G) and external carotid angiogram (H) 
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removal (Fig. 13.23). The obvious contraindication is the presence of an 
anterior spinal artery contribution from the same pedicle. 

Lesions in the cervicomedullary junction can receive supply from the 
lateral spinal artery from both sides; these vessels can be safely embolized 
(Tampieri et al. 1993). 

For superselective catheterization, the variable stiffness microcatheters 
(0.10-0.14 F) are used, which will allow distal catheterization and gentle 
flow-controlled embolization with small particles of PVA (Fig. 13.23). Em- 
bolization of healthy territories and reflux of embolic material should be 
avoided, and as a general rule underembolization is recommended over a 
perfect postembolization picture. Embolization with the tip of the micro- 
catheter in a wedged position should be avoided, as it may result in intra- 
tumoral hemorrhage. The role of transarterial embolization of liquid em- 
bolic material is currently being explored (Fig. 13.24). 



13.8 Other Intradural Vascular Tumors 
and Spinal Hemorrhage 

Other intradural vascular neoplasms such as paragangliomas are extremely 
rare (Figs. 13.25, 13.26) (Steel et al. 1994). Meningiomas can be intra- or ex- 
tradural in location but their presurgical embolization is rarely necessary. 




Fig. 13.25A-D. A 38-year-old female patient with progressive cauda equina syn- 
drome over a 6-week period. Tl-weighted MRI (A) shows evidence of intradural 
mass lesion (arrow) with different densities of CSF above and below the neoplasm. 
T2-weighted MRI (B) shows the relationship of the tumor to the adjacent nerve roots 
and nonhomogeneous enhancement on MRI following contrast enhancement (C) 
and at surgical exposure (D) prior to removal of what proved to be a paraganglioma 
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Fig. 13.26A-C. A 33-year-old female patient presented with progressive cauda equina 
syndrome. Contrast-enhanced Tl-weighted MRI in sagittal view (A) shows homoge- 
neous enhancing intradural mass lesion ( long arrows ) which at angiography AP 
view (B) was noted to be supplied by the same segmental radicular branch as the 
medullary arterial system ( short arrows). Surgical exposure (C) demonstrated the 
cauda equina (long arrow) to be compressed and draped over an intradural menin- 
gioma ( short arrow) 



Subarachnoid hemorrhage caused by spinal tumors is a well-recog- 
nized entity (Djindjian et al. 1981). The most common tumors that can 
produce subarachnoid hemorrhage are ependymomas, which are found 
in more than 60% of patients, followed by neurinomas, astrocytomas, 
and other tumors. The type of hemorrhage reported from these tumors 
in most cases is subarachnoid. There is a higher incidence of subarach- 
noid hemorrhage associated with tumors located in the cauda equina 
(Table 13.4). 



Table 13.4. Spinal hemorrhage due to tumor in 50 patients (modified from Djindjian 
et al. 1981) 



Type of tumor 


% 


Location 


% 


Ependymoma 


64 


Cauda equina 


88 


Neuroma 


18 


Thoracolumbar 


6 


Astrocytoma 


10 


Thoracic 


2 


Meningioma 


5 


Cervical 


4 


Hemangioblastoma 


2 






Meningeal sarcoma 


2 
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The clinical picture is that of sudden onset of back pain not infre- 
quently preceded by headache. This may or may not be associated with 
nerve root involvement; absent reflexes, primarily of the lower extremi- 
ties; and transient, lumbar, radicular dysfunction. This is the classic clini- 
cal presentation of spinal subarachnoid hemorrhage. When signs of 
meningeal irritation are dominant in a confused patient and an adequate 
history is not obtained, the diagnosis of subarachnoid hemorrhage from 
a cerebral origin is usually first suspected and investigated. Usually only 
after cerebral angiography is negative will the spinal cause of the hemor- 
rhage be suspected and investigated. 
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14.1 Introduction 

Surgical neuroangiography refers to image-guided procedures that use 
the endovascular route to reach the target. This therapeutic modality is 
used for the devascularization of a territory or abnormality, i.e., em- 
bolization, or to reestablish flow, i.e., revascularization or repermeation of 
an occluded vessel or vascular territory. 

The understanding of the cerebral vasculature, its variations, and the 
technical capabilities that have been developed to navigate through the 
spine, spinal cord, brachiocephalic, and brain circulations (arterial and 
venous) provide significant opportunities for both diagnosis and therapy 
of a variety of pathological entities affecting the CNS and maxillofacial ar- 
eas. In addition, these advances show the potential for expanding our field 
into yet unforeseen areas. 

At present, surgical neuroangiography is at the forefront in the manage- 
ment of aneurysms and the various vascular malformations. This includes 
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endovascular obliteration of aneurysms and the management of the dev- 
astating sequelae of cerebral vasospasm by mechanical and/or chemical 
vasodilatation, with significant improvement in the final outcome of pa- 
tients suffering from aneurysmal subarachnoid hemorrhage (SAH). In 
vascular malformations, embolization is used as the sole form of treat- 
ment, preoperative devascularization, and as a palliative treatment. 

The potential therapeutic modalities of thrombolysis and vascular re- 
canalization maybe one of the most challenging but rewarding contribu- 
tions in advancing the treatment of occlusive cerebrovascular disease. 

Our abilities to navigate in the venous system makes the treatment of 
difficult arteriovenous shunts possible, even in occluded venous struc- 
tures, and may play an important role in the retroperfusion of ischemic 
areas or chemotherapy of neoplasms. 

The superselective infusion of pharmacological agents such as amo- 
barbital promises to advance our understanding of CNS function and may 
become an important adjunct to functional magnetic resonance imaging 
(FMRI) in the planning of functional neurosurgical operations such as the 
treatment of epilepsy. 

Our ability to reach distal vascular territories may make the use of 
otherwise toxic chemotherapeutic drugs possible in the treatment of ma- 
lignant lesions. The addition of agents that can cross the blood-brain bar- 
rier or radiosensitizers may further enhance these capabilities. 

Our approach to these interventions is based on solid principles of 
functional vascular anatomy, collateral circulation, blood supply to elo- 
quent structures, and hemodynamic balances between the various areas 
in the circulation to be analyzed and/or treated. These principles will al- 
low us to understand the individual variations in a specific patient, plan 
treatment in the most efficient and safe manner, and assess the results of 
such treatments. 

Embolizations or infusions accomplish devascularization; revascular- 
ization is mechanical with a variety of catheters, guidewires, angioplasty 
balloons, and stents, or pharmacological agents. Rapid technical advances 
are facilitating and improving our results, and will continue to do so at an 
accelerated pace. We believe that no single device or technique fulfills all 
needs in every case and that various approaches using different tools may 
achieve the same clinical goal. 

The purpose of this section is to regroup and comment on the tools we 
currently use to reach our objectives and best fulfill our needs in the man- 
agement of our patients. 

We would like to emphasize that the tools available cannot replace 
proper training, nor will technical solutions replace proper knowledge of 
the vascular anatomy, including collateral circulation and anastomotic 
pathways between the various territories or between the extracerebral 
and intracerebral circulations. Proper understanding of functional vascu- 
lar anatomy may allow the endovascular surgeon to compensate for any 
or all of the limitations of our present technology. Finally, the clinical goal 
is the primary objective to compare outcomes and techniques, as some 
tools or manipulations carry higher risks than the natural history of the 
disease. 
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14.2 Patient Preparation 

As our specialty evolves, the complexity of the patients and diseases that 
we deal with are expanding, and our responsibility in the management of 
our patients is increasing. 

Discussing the details of the procedure with the patient and his or her 
family is vitally important, including the risks and goals involved, as well 
as alternative modes of treatment. The objective of the procedure and 
the possibility of additional treatment (multiple stages, shunting, postem- 
bolization surgical resection, radiation, etc.) must be planned and dis- 
cussed in advance. 



14.2.1 Angiographic Equipment 

Head and neck embolization can be performed with almost any conven- 
tional fluoroscopic unit; however, with available technology, the minimum 
equipment necessary for proper, safe, and accurate surgical neuroangio- 
graphy is optimal fluoroscopy with the largest possible field size, a C arm, 
or biplane-type fluoroscopic capabilities. Digital subtraction angiography 
with immediate life subtraction and road map capabilities is a major ad- 
vancement. All the optimal tube, small focal spot, film screen combina- 
tions are all important, but their description is beyond the scope of this 
book. However, the angiographic suite should be serviced as a conven- 
tional operating room. 

The use of rotational angiography with three-dimensional (3-D) re- 
construction has become a great advantage, mostly in the treatment of 
aneurysms, and provides an additional perspective. As we are learning 
this new way to display vascular anatomy, searching for added informa- 
tion will continue, from surface rendering to virtual endoscopic explo- 
rations. Three-dimensional imaging is an interpreted way of imaging vas- 
culature. 



14.2.2 Preoperative Medications 

In general, no specific preoperative medications or measures are required 
prior to endovascular embolization of the head and neck or of cerebral 
and spinal lesions, with the exception of those related to anesthesia, such 
as 6-h fasting, mild sedation, and atropine in case emergency endotra- 
cheal intubation is required. 

In patients undergoing elective revascularization procedures, 2-3 days 
of preoperative antiplatelet medications, in addition to their regular med- 
ications, is needed to avoid thromboembolic complications. Patients on 
Coumadin must be converted to heparin or low-molecular-weight he- 
parin; both must be stopped prior to the procedure, and heparin is restart- 
ed once the puncture site is secured. 

Preoperative clinical assessment includes a detailed neurological ex- 
amination and neuropsychological testing for fine cortical functions in 
appropriate cases, which not infrequently are impaired in patients other- 
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wise thought of as neurologically intact. Preliminary EEG testing is not 
needed for the procedure but may be important as part of a complete neu- 
rological evaluation in diseases prone to seizures. The prophylactic use of 
Ca 2+ channel blockers, to prevent cerebral vasospasm, has been advocat- 
ed by some investigators (Merland and Reizine 1987; Picard 1988, unpub- 
lished data). However, vasospasm during cerebral navigation has not been 
a problem in our experience, and we do not routinely use Ca 2+ channel 
blockers for that purpose. In selected cases, primarily in females, prophy- 
lactic Ca 2+ channel blockers may be of help in preventing spasm during 
catheterization at the cervical internal carotid artery (ICA). Ca 2+ channel 
blockers are started 24 h before the procedure and can be supplemented 
during the procedure. It is important to be aware that Ca 2+ channel block- 
ers will produce some hypotension. Prophylactic steroids prior to the pro- 
cedure are not routinely used (see Sect. 14.2.2.1). 

In patients with known allergies to iodinated contrast material, pre- 
medication with corticosteroids and antihistamine drugs is used. 



74 . 2 . 2.7 Corticosteroids 

In general, corticosteroids are not used as a prophylactic measure but may 
be used in long procedures if there is a possibility of swelling or after a 
complication. Steroids may be of more value in posterior fossa and spinal 
cord lesions than in supratentorial malformations. The use of corticos- 
teroids as part of the management of acute stroke is very controversial. It 
may, however, be of assistance in the edema that follows a hemorrhagic 
complication (mass effect). 

Postoperative corticosteroids are used in most cases as an antiedema- 
tous agent. Dexamethasone (Decadron, 8 mg IV is given) during the pro- 
cedure as soon as the embolization is started and is repeated every 8 h for 
3 days (it is given p.o. as soon as tolerated), followed by tapering off over 
3 days. Appropriate prophylactic antacids are used to prevent gastroin- 
testinal complications. 

Corticosteroids are used by two of the authors (K.T.B., A.B.) in high 
doses if the treatment is sclerotherapy, for example, ethanol sclerotherapy 
in maxillofacial lesions. 

One of the present authors (P.L.) uses corticosteroids started during the 
procedure when a large quantity of glue is used, to avoid pain secondary 
to inflammatory foreign-body reaction. 



74 . 2 . 2.2 Anticonvulsants 

Endovascular embolization neither produces seizures nor increases their 
frequency (Table 14.1). Therefore, anticonvulsant medications are used 
only in patients who have had previous seizures, an intracerebral hema- 
toma, or SAH, or in those already on an anticonvulsant or with EEG evi- 
dence of possible epileptogenic activity. In such patients, we maintain the 
anticonvulsant doses, but no additional doses are given for the procedure. 
If complete obliteration of the malformation is obtained and confirmed in 
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Table 14.1. Seizure outcome in 257 patients (from Berenstein et al. 1989a, with per- 
mission) 



Present prior to embolization («) 


Seizure free (n) 


New seizures («) 


134 


91 


8 



a patient with seizures, the patient is clinically followed for 1 year. If no 
seizure activity occurs in the intervening year, a repeat EEG is done. If 
potential epileptogenic activity is not present, the anticonvulsant medica- 
tion is tapered off and eventually discontinued. 



14.2.2.3 Antiplatelets 

In patients undergoing revascularization procedures as an elective inter- 
vention, in addition to the individual needs of the patient, the single most 
important preoperative medications are antiplatelet agents, which must 
be started 2-3 days before the procedure. Plavix (75 mg) started 2-3 days 
before the procedure is preferred. If Plavix is contraindicated, ticlopidine 
(250 mg) or aspirin (325 mg) is used. In high-risk instances such as severe 
posterior circulation revascularization, in very selected cases the pro- 
phylactic use of glycoprotein Ilb/IIIa receptor antagonist (GPA) has been 
recommended (Connors and Wojak 1999a, b). We do not use them pro- 
phylactically, but have only used GPA in extreme situations, where 
thrombolytics failed to dissolve clot, with excellent results. Specific pre- 
operative and perioperative measures are discussed in their appropriate 
section. 

Just as in the management of unruptured aneurysms, we have had in- 
stances where coil protrusion has been the nidus for clot formation, in 
which IV abciximab (ReoPro) reabsorbed the clot (Fig. 14.101). 



14.3 Anesthesia 

Various types of anesthesia can be used during interventional neuroradi- 
ological procedures in the brain, head, neck, and spine. The role of anes- 
thesia includes the overall monitoring of the patient’s physiological and 
metabolic status. This includes not only the level of consciousness but also 
all other physiological functions, including input and output, blood pres- 
sure control, degree of anticoagulation, and when needed, reversal of an- 
ticoagulation. A close cooperation and familiarity with the procedure by 
anesthesia personnel is required for optimal results. 



14.3.1 General Anesthesia 

We routinely use general anesthesia except when carotid or vertebral oc- 
clusion will be done, or where general anesthesia is contraindicated. In 
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cases of revascularization, anesthesia is used unless the patient’s medical 
condition makes anesthesia a high risk. 

The type of anesthesia used is primarily a decision of the anesthesiol- 
ogist and may be modified in individual situations when specific moni- 
toring is to be used. If using somatosensory-evoked potential monitoring 
for spinal cord, brainstem, auditory, or visual cortex function (Berenstein 
et al. 1984b), neuroleptic drugs are used, as most of the anesthetic gases 
alter the evoked potentials. 

Nitrous oxide (N0 2 ) is not used during general anesthesia in view of its 
risk of air expansion. If an air bubble is accidentally introduced into the 
circulation, nitrous oxide will expand the bubble with the risk of occlud- 
ing an important vessel. 

Apnea is frequently used during angiographic acquisitions to decrease 
motion artifacts. It is of greatest importance when small vessels are stud- 
ied, such as in the spinal cord. Valsalva maneuvers can be used in venous 
lesions to enhance their filling, or used to increase venous pressure, and 
should probably be avoided in patients who present with intracranial 
hemorrhage (ICH), or infants with CSF absorption problems. 



14.3.2 Neuroleptic Analgesia 

Neuroleptic analgesia is most useful for surgical neuroangiographic pro- 
cedures. It allows easy neurological monitoring throughout the procedure 
and at the same time gives both analgesia and sedation. It is used even in 
young patients and carries less risk than general anesthesia in the older or 
medically compromised patient. The neuroleptic combination to be used 
is the choice of the anesthesiologist. 

In patients with lesions near the airway, where the risk of swelling can 
produce obstruction, endotracheal intubation and general anesthesia are 
preferred. A nasogastric tube is placed in lesions that may compromise the 
alimentary pathway when direct ethanol embolization is used, or in very sick 
patients as needed. The use of laryngeal mask airway (LMA) is of great help. 



14.3.3 Tracheostomy 

Prophylactic tracheostomy may be required where lesions at or near the 
airway are treated, especially if multiple procedures or surgery is foreseen. 
Swelling of the tongue or pharyngeal venous malformations may obstruct 
the airway. 



14.3.4 Local Anesthesia 

When neuroleptic anesthesia is used, a long-lasting local anesthetic such 
as Marcaine (bupivacaine hydrochloride) 0.25% is recommended to avoid 
the need for reinfiltration during the procedure. On occasion, the femoral 
nerve can be anesthetized, and this will produce a motor and sensory 
monoplegia that will clear completely in 12-15 h and should not be mis- 
taken for a PNS complication. 
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14.3.5 Input and Output Monitoring 

A Foley catheter will permit accurate monitoring of urinary output in pa- 
tients who are not under general anesthesia and will prevent patient dis- 
comfort and restlessness during the latter part of the procedure when the 
critical part of the embolization is being performed. In addition, narcotics 
for neuroleptic analgesia can cause bladder distention and retention. 

In case of emergency treatment or if surgery will follow, an indwelling 
catheter is already in place. If no Foley catheter is used, bladder evacua- 
tion is accomplished at the end of the procedure, prior to compression of 
the groin and after reversal of heparinization. 



14.3.6 Arterial Line and Venous Line 

An arterial line is used in most cases by one of the authors (A.B.), selec- 
tively used by the second (K.T.B.), and almost never used by the third 
(P.L.), and is related to the group’s anesthesiologists and their require- 
ments. It is helpful in accurately monitoring the arterial pressure, mostly 
in patients with very-high-flow fistulae (neonates and infants), where an 
increase in the total blood volume exists. When hypotension is needed, 
such as in cases of brain arteriovenous malformations (BAVMs), where 
blood pressure modifications can be of help to obtain better penetration 
and to decrease the chances of venous migration of embolic agents. In 
older, sicker patients with cardiac problems, it may also be of assistance 
for proper patient monitoring. In cerebral aneurysms, where full he- 
parinization is usually employed, an arterial line is convenient for repeat- 
ed blood sampling. The line is accessed prior to heparinization. A central 
venous line is not needed unless a major cerebral artery will be occluded 
because fluids and/or volume expanders and/or hypertensive drugs may 
be needed to maintain proper cerebral perfusion. 

A central venous line or access may be used in revascularization of the 
carotid bulb in unstable patients who may require emergent passing. 

If medical management of blood pressure is needed both arterial and 
central venous lines will be kept in the postembolization period until the 
patient is stable. If no medical management of blood pressure is needed 
the arterial line is removed at the end of the procedure but the central line 
is kept in for 24 h. 

Controlled hypotension is usually done with a nitroprusside drip, ni- 
troglycerin, or a combination of narcotics and hypotensive drugs. In very 
young children, the blood pressure can be easily and expeditiously low- 
ered with high-dose inhalation agents. Blood pressure control may be of 
value in the immediate postocclusion period (especially if an aneurysm is 
proximal to the embolized territory or if a very-high-flow pedicle has 
been occluded). The systolic blood pressure is not allowed to rise above 
the baseline and preferably is kept 10-20 mmHg below the baseline. Al- 
ternatively, blood pressure may be lowered with Ca 2+ channel blockers 
such as nicardipine. This is given as a loading dose of 1 mg IV bolus and 
repeated up to 2-4 mg/h, aiming for a 20%-30% reduction in the baseline 
blood pressure. 
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Fig. 14.1A-D. Use of hypotension in brain arteriovenous malformations. A, B Under 
normotensive conditions (135/95 mmHg), injection of a middle cerebral artery 
demonstrates poor flow control. A Lateral digital subtraction angiogram with the 
balloon ( arrowhead ) inflated produces only limited flow arrest (arrow), with dilution 
( open curved arrow ) from another pedicle. The balloon has been deflated (arrow- 
head), with rapid washout of the contrast material, best appreciated fluoroscopically. 
C, D In hypotensive conditions (BP 70/35 mmHg). C With balloon inflation (arrow- 
head), note the significantly better opacification of the malformation without dilu- 
tion (curved arrow). D Following balloon deflation, there is slow emptying of the 
malformation with significantly better opacification of the malformation. An appre- 
ciable difference in circulation time is noted with fluoroscopy 



Lowering the systemic blood pressure may provide better penetration 
into the nidus of the arteriovenous malformation (AVM), as flow through 
the AVM is dependent on the systemic blood pressure (Fig. 14.1) 

An arterial line may also be advantageous in young children or infants 
for easy accessibility in repeated blood gas measurements. In addition, a 
central venous line may be necessary if hypotensive medication will be 
given for a long period of time or if significant amounts of fluid will be 
used. Central venous pressure monitoring is especially useful in the infant 
with cardiac problems or in the older patient. 

One of the authors (P.L.) seldom uses blood pressure control during the 
actual occlusion or in the immediate postocclusion period. In such cases, 
the use of Valsalva and deeper general anesthesia is used to reduce flow. 
We all agree that the most important aspect of blood pressure monitoring 
is to prevent abrupt systolic blood pressure elevation at the time of 
embolization or immediately after occlusion when the mean pressure 
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in the occluded feeder increases (Duckwiler et al. 1990; Jungreis and Hor- 
ton 1989). 

Intentional elevation of the baseline blood pressure may be useful in 
children when the femoral pulse is not optimally palpated. Any decrease 
in blood pressure in this situation is usually secondary to the anesthesia 
itself. Permitting the patient to become lighter will usually be sufficient 
to raise the blood pressure and increase perception of the pulse. Rarely, 
a small dose of ephedrine may be needed to improve the pulse percep- 
tion. The use of Doppler guidance may also facilitate puncture in small 
children. 

In theory at least, short increases in blood pressure may assist in flow- 
guided distal catheterization and may be attempted on rare occasions, 
although this is less important with the newer variable-stiffness micro- 
catheters and those with hydrophilic coatings. 



14.3.7 Heparinization 

Systemic heparinization is recommended when using coaxial catheter as- 
sembly systems or when using balloons and during revascularization pro- 
cedures. Heparinization in these circumstances is to prevent fibrin clot 
aggregation between catheters and/or balloons. Preliminary prothrombin 
time (PT), partial thromboplastin time (PTT), and, if available, activation 
coagulation time (ACT) (Scott et al. 1986) are obtained and used as guide- 
lines and to calculate protamine sulfate dosage when heparinization is to 
be reversed. 

Two techniques of heparinization can be used: 

1. A bolus loading dose of 50 IU/kg,with a continuous maintenance IV in- 
fusion of up to 500 IU/kg over 24 h. When using this technique, there is 
no need for additional heparin in the liquids used for continuous per- 
fusion between coaxial catheters or in the sheath at the arteriotomy 
site. 

2. If heparin is used in the flushing solution, in the various perfusion lines 
between coaxial catheters, and at the sheath site (2,000 USP/1,000 ml of 
2.5% D/W in children, and 4,000 USP/1,000 ml of 5% D/W in adults) a 
loading dose is usually not necessary unless cerebral navigation is im- 
mediately started, in which case a loading dose of 1,000-1,500 USP is 
given as a bolus. No heparin is used in children or neonates if non- 
coaxial systems are employed or if treating a postoperative or postictal 
emergency. 

In unruptured aneurysm treatment and in revascularization procedures, 
we do start with a bolus dose, once the femoral puncture is secured. 

At the end of the procedure, protamine sulfate can be used to reverse 
heparinization if indicated. In most aneurysm treatments and in revascu- 
larization procedures, we do not reverse the heparin; patients will either 
be continued on heparin or we let its effect wear off. When heparinization 
is maintained, a closure device is used or the sheath is left in place until 
heparin is stopped. If hemorrhage occurs during the procedure, immedi- 
ate reversal is done. In such patients, the dose is determined by calculat- 
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Fig. 14.2A, B. Double-lumen balloon catheters for functional investigation. A Later- 
al subtraction angiogram of the distal left external carotid artery, which demon- 
strates a superficial temporal artery ( curved arrow) to middle cerebral artery by-pass 
(arrow). Note filling of one middle cerebral artery opercular branch. B Lateral sub- 
traction angiogram of the left distal external carotid artery after a double lumen oc- 
clusive balloon catheter ( arrowhead ) has been placed in the left internal carotid un- 
der systemic heparinization to test for tolerance. Note the superficial temporal 
( curved arrow) increased perfusion to the middle cerebral artery territory (same 
amount of contrast material was injected). Note the preferential flow toward the 
brain, with poor filling of internal maxillary branches 



ing the amount of heparin given per unit of time, per coagulation time, or 
simply by the ACT value. 

When performing a tolerance test occlusion (Fig. 14.2), systemic he- 
parinization is routinely used. In a 70-kg adult, 5,000 IU of heparin sulfate 
is given as an IV push. Prior to balloon occlusion of the parent vessel, an 
ACT test is obtained to confirm proper heparinization. At the end of the 
tolerance test and/or the procedure, reversal is done based on the infor- 
mation of the ACT sample (Scott 1987). 



14.3.8 Activated Coagulation Time Monitoring 

One of the authors (A.B.) routinely uses an ACT measurement during the 
interventional procedures (Scott 1987), using a hemochrome (Interna- 
tional Technidyne Corp., Edison, NJ, USA) for the monitoring. A baseline 
ACT sample is obtained immediately after gaining access to the arterial 
system. A 2-ml blood sample is drawn via the side arm of the catheter in- 
troducer sheath. At the end of the procedure, prior to removal of the 
sheath and/or catheter, a repeat ACT is measured. Protamine sulfate is 
then administered intravenously if one wants to reverse the heparin and 
normalize the ACT prior to the removal of the sheath or catheter. In some 
indications such as aneurysm treatments and revascularization proce- 
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dures, we do not reverse heparin. We give 20-35 mg of protamine (de- 
pending on the patient’s age) over 10 min if the postprocedure ACT is 
greater than twice the baseline ACT; 10-20 mg is administered if the post- 
procedure ACT is less than twice the baseline. A repeat ACT is then meas- 
ured 5-10 min after the administration of protamine and the necessity for 
a second dose is evaluated. Once the normal ACT value is obtained, the 
sheath of the catheter is removed and manual compression is applied to 
the femoral puncture site for 15-20 min. 



14.3.9 Functional Evaluation 

A variety of tools are presently available for functional evaluation before, 
during, and after endovascular procedures (Berenstein et al. 1984b; Hacke 
et al. 1983). 

Clinical assessment of the patient is the most reliable monitoring during 
occlusive balloon testing of major cerebral arteries such as the ICA. Except 
for somatosensory- and motor-evoked potential monitoring used by one of 
the authors (A.B.), other testing is employed in very selected situations. 



14.3.9. 1 Somatosensory- and Motor-Evoked Potentials 

Somatosensory-evoked potential (SEP) monitoring in cerebral emboliza- 
tion has significant limitations and may even be confusing. It may have 
limited applications in patients in whom the procedure is done under 
general anesthesia. SEP monitoring can be helpful in patients who have a 
lesion in the thalamus, perirolandic area, or brainstem. The role of SEPs 
or brainstem-evoked potentials may expand in intracranial procedures as 
more experience accumulates (Berenstein et al. 1984b; Hacke et al. 1983; 
John et al. 1989). 

In spine and spinal cord lesions, SEPs and motor-evoked potentials 
(MEPs) are routinely used by one of the authors (A.B.) and are felt to be 
very sensitive in detecting potential dangers. The addition of pharma- 
cological testing, with the intra-arterial injection of amobarbital and 
xylocaine, adds further reliability and safety (Berenstein et al. 1989b; John 
et al. 1989). 



14.3.9.2 Facial Nerve Monitoring 

In maxillofacial vascular malformations treated percutaneously and with 
ethanol, the major risks are facial nerve palsies and skin necrosis. For the 
past year, we have been monitoring facial nerve function using evoked po- 
tentials, with impressive correlation and safety. The facial nerve course is 
first mapped with the patient under general anesthesia; thresholds need- 
ed for stimulation are assessed and act as controls (Fig. 14.3). As the em- 
bolization progresses, changes in threshold can be easily monitored, and 
if progressive, the injection is stopped and resumed either in a different 
location (Fig. 14.3C) or at a different session. The intravascular injection 
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Fig. 14.3A-D. Facial nerve monitoring during sclerotherapy. A Following general 
anesthesia, the facial nerve is mapped by stimulation and painted over the skin (arrow 
points to stimulation-monitoring electrodes). B Direct percutaneous puncture is 
done with a fine angiocatheter or butterfly between the facial nerve branches until 
blood return is established. C The puncture site is connected to a venotube, and pres- 
sures are obtained. At the beginning of the procedure, venous pressure is at heart 
level. D Two areas of puncture between facial nerve mapping 



of the sclerosing agent is mandatory to prevent damage to any normal 
structure and is of greater importance than the monitoring. During fluo- 
roscopy and preferably with road mapping following contrast material in- 
jection, the tip of the needle must be free of contrast material, as it layers 
into the dependent position (Fig. 14.4). 



14.3.10 Pharmacological Testing 
14.3.10.1 Amobarbital 

During cerebral and spinal cord embolization, a major risk is the occlu- 
sion of functionally important tissue. This complication is best avoided by 
a solid knowledge of functional anatomy, careful analysis of the prelimi- 
nary selective and superselective angiograms, very distal catheterization 
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Fig. 14.4A, B. Direct percuta- 
neous puncture of venous vas- 
cular malformation, same pa- 
tient as Fig. 14.3. A Lateral road 
map of the direct puncture 
shows contrast material within 
the venous compartment. The 
arrow points to the tip of the 
needle. B Same projection, later 
phase. Note the layering of the 
contrast material away from the 
tip of the needle (arrow), which 
confirms that the contrast 
material is in a vascular com- 
partment 




(as close as possible to the nidus), and meticulous technique to avoid re- 
flux. In some cases, the ideal point of catheterization may not be achiev- 
able, and one must identify the most proximal point of catheterization 
where safe occlusion can be performed. This must be done with the 
knowledge that the ideal morphological result may be more difficult to 
obtain from the more proximal position. Between these two locations lies 
the embolization security area (Fig. 14.5). 

When a normal branch is visualized or when in doubt as to the func- 
tional significance of a pedicle, a provocative functional test can be done. 
Amobarbital (Amytal), 50-75 mg injected superselectively to test neu- 
ronal function, or 40 mg of Xylocaine is injected to test axonal function, 
or both. It may clarify the importance of the tissue irrigated by that spe- 
cific artery (Wada and Rasmussen 1972; Berenstein et al. 1984b; Horton 
and Dawson 1988). Development of neurological deficit is a contraindica- 
tion for embolization at that position. In this case, either more distal 
catheterization, preferably beyond normal branches, is achieved or an al- 
ternative route is chosen. If no normal vessels are visualized, provocative 
testing may give a false sense of security. Hemodynamics in high-flow le- 
sions may give an inaccurate picture. As the contrast materials or amo- 
barbital is injected, it may travel only to the high-flow channels of the 
AVM, bypassing adjacent normal tissue. The dynamics that occur during 
the injection of the embolic liquid agent are different; the first portion of 
the column of acrylic will polymerize, rerouting the additional, still liquid 
embolic agent to other areas not opacified by the contrast material or in- 
fused by the amobarbital. Thus, the injection of amobarbital and/or Xylo- 
caine in this circumstance is potentially misleading. In addition, multiple 
injections of amobarbital can result in a sleepy uncooperative patient, 
making monitoring more difficult. Although testing may be used in very 
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Fig. 14.5A-C. Security point in brain, spinal, or ophthalmic embolization. A Pedicle 
feeding an arteriovenous malformation (AVM) demonstrates a dominant pedicle to 
the malformation ( broad arrow) and a secondary feeder ( curved arrow). The ideal 
point of embolization ( broad arrow) would be in the major feeder and a similar point 
in the secondary feeder. However, the security point is at the origin of the common 
trunk ( long arrow). B A spinal cord AVM supplied by a radiculomedullary artery. The 
ideal point of embolization is shown by the broad arrow; the security point is at a 
more proximal position ( long arrow). Also note that the ideal and security points in 
the venous system in the spinal cord are the same ( double long arrows). C The ideal 
point ( broad arrow) and security point ( long arrow) in an ophthalmic artery em- 
bolization 



selective instances, its limitations and the nearly universal use of general 
anesthesia mean that testing is seldom used. 

Despite these constraints, in spine and spinal cord embolization, in 
which perforating vessels may be smaller than the ability of the X-ray 
equipment to resolve them, intra-arterial amobarbital (Amytal), alternat- 
ed with Xylocaine combined with SEP and MEP monitoring, often adds 
further reliability and safety (Berenstein et al. 1984b). 

As part of the preoperative (embolization, surgery) investigation, the 
need may arise to determine hemispheric dominance for speech (left- 
handed individual, speech difficulties in a right-sided AVM, etc.). In these 
patients, a Wada test may be an important part of assessing the risks of 
treatment of the AVM. When an intracarotid amobarbital test is done in a 
patient harboring an AVM, the amobarbital should be first injected into 
the hemisphere not harboring the high-flow lesion. This is designed to 
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prevent a falsely negative test as the amobarbital (100-400 mg) may be 
sumped selectively through the malformation, thereby bypassing normal 
ipsilateral speech areas. 

Electrophysiological and pharmacological tests do not guarantee safe- 
ty or better results and are not a replacement for anatomical knowledge 
and recognition of normal territories. One of the present authors (P.L.) 
has used neither since 1986, without added morbidity or mortality. 

It may even be an added danger to rely exclusively on monitoring in an 
attempt to compensate for lack of anatomical knowledge, particularly in 
the spinal cord. 



14.3.10.2 Xylocaine 

Xylocaine 40 mg injected superselectively has been used for functional 
testing of peripheral nervous tissue supplied by the external carotid ar- 
tery. In CNS patients, Takahashi (personal communication) has used it to 
test axonal function. Only cardiac Xylocaine can be used intra-arterially 
and in the CNS, and we only use it in spinal cord work. 

We have noted that in spinal cord monitoring, Xylocaine is more reli- 
able than Amytal. 



14.3.10.3 Mucocutaneous Territories 

The safety of embolization in musculocutaneous territories is primarily 
determined by anatomy. Discoloration or compromising of skin can be 
predicted. Following the superselective injection of a 60% concentration 
contrast material in a pedicle, one can see blanching of the skin supplied 
by that vessel, which is a good predictor of potential skin compromise. 
Djindjian (1978) reported the use of low-concentration methylene blue 
injected superselectively to predict skin vascularization. 



14.4 Arteriotomy Sites 

The conventional Seldinger technique is used in all of our procedures in- 
cluding infants and newborns. Distal pulses in the popliteal and foot area 
are marked prior to puncture for further reference, primarily in children. 
If the pulse is lost during the procedure, one may inject intra-arterial va- 
sodilators such as 40 mg of cardiac Xylocaine (without preservatives or 
epinephrine) through the side arm of the introducer sheath. At present, 
the availability of ultrasound guidance makes catheterization possible in 
practically all cases. 

Transfemoral catheterization of the external carotid artery may not be 
possible after a previous ligation and surgical exposure, or preferably 
end-to-side reanastomosis by an experienced vascular surgeon may be 
needed (Fig. 14.6). A period of 3 weeks is recommended for healing of the 
anastomosis. The advantage of reconstructive reanastomosis is that the 
femoral approach can be used and repeated (Fig. 14.6). We have experi- 
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Fig. 14.6A, B. Surgical reanastomosis. A Common carotid artery digital subtraction 
angiography (DSA) demonstrates ligation of the external carotid artery distal to the 
superior thyroidal artery (arrow). B Lateral DSA after the external carotid artery was 
reanastomosed to the common carotid artery ( open arrowhead) and after the first 
stage microembolization of the submental region ( arrowheads ). In general, em- 
bolization should be delayed 3-4 weeks after reanastomosis, to permit proper heal- 
ing of the suture lines 



enced the need to revascularize a failed surgical reanastomosis by dilating 
and deploying a stent to establish access (Fig. 14.7). 

In high-flow lesions, e.g., BAVMs, brain arteriovenous fistulae (BAVFs), 
and vein of Galen aneurysmal malformations ( VGAMs), if the venous ap- 
proach is to be used, direct jugular puncture is contraindicated. Direct 
puncture of the jugular vein presents a higher risk and may compromise 
the venous drainage. The femoral venous approach is safe and easy, as are 
punctures of dilated veins of the scalp or alternative access sites such as 
the umbilical area (see Vol. 3 for techniques in the pediatric population). 



14.4.1 Introducer Sheath 

Various types of introducer sheaths are commercially available and there 

are few differences between them, making their choice an individual de- 
cision. In general, the purposes of introducer sheaths include: 

1. Easy exchange in catheters of the same or smaller diameters 

2. Use of smaller catheters without retrograde bleeding, thanks to their 
hemostatic valve 

3. Exchange in an occluded catheter without losing access to the vascular 
system 

4. Significantly less trauma to the artery at the puncture site while ma- 
nipulating the catheter 

5. Finer manipulation of the catheter 
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Fig. 14.7A-C. Endovascular revascularization of a spontaneously thrombosed re- 
anastomosis of the external carotid artery. A Lateral digital subtraction angiogram 
(DSA), after failure of a venous graft anastomosis between the external carotid artery 
and the common carotid artery (arrow). B Lateral DSA after a stent was placed and 
the external carotid artery graft revascularized. Note filling of the distal external 
carotid artery and middle meningeal artery supplying a vascular malformation. 
C Coaxial catheterization of the petrosal distal branch of the middle meningeal ar- 
tery through the stent that had previously been revascularized (arrow) 
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Introducer sheaths used are from 4- to 9-French in size (most manufac- 
turers will make other sizes on request). They come with a short 
guidewire and a leading dilator. They are usually made of thin-walled 
Teflon to maintain a large inner diameter (ID), with a relatively small 
outer diameter (OD). Long sheaths 70-90 cm are used in patients with tor- 
tuous anatomy. Some type of fixation of the sheath to the skin is needed 
to prevent accidental removal of the sheath, either with a stitch or sterile 
tape. 



14.4.2 Closure Devices 

7 4.4.2. 1 Hemostasis of the Arteriotomy Site Closure 

Various devices have been introduced for percutaneous closure of the 
arteriotomy site following interventional procedures. A variety of tech- 
niques have been introduced and continue to be developed. Most of them 
were introduced following interventional endovascular procedures in the 
field of cardiology. We will briefly review the more frequently employed. 
As developments of newer devices is occurring rapidly, a detailed de- 
scription is beyond the scope of this volume. 

External compression devices are used primarily as support following 
conventional manual compression. Most frequently we use the Femostop 
device (Radi Medical Systems AB, Uppsala, Sweden). This device uses a 
pneumatic ball with a transparent window for monitoring. It has the abil- 
ity to gauge the level of compression, so that once hemostasis has been 
achieved, it can be left in place at lower pressures for patient comfort. 



14.4.2.2 Internal Closure Devices 

1. Perclose (Abbott Laboratories Company, Redwood City, CA, USA). This 
device comes in three sizes: a two-needle version for the 6-F arterioto- 
my puncture size, a four-needle for the 8-F arteriotomy size, and a larg- 
er device for the 10-F. The device is inserted into the arteriotomy, which 
may be done at the beginning of the procedure if a larger introducer 
sheath is to be used, or at the end of the procedure for the appropriate 
size. The device is advanced over a 0.038-in. (1-mm) wire and may be 
used in fully heparinized patients. The device has needles that are 
plunged with two suture threads through the arteriotomy wall, forming 
the basis for the grip of the threads on the arterial wall. A special stitch 
is required for proper hemostasis. The potential for delayed infection 
must be taken into account. To avoid this complication, we now rou- 
tinely reprepare the arteriotomy site, and change gloves and scalpel pri- 
or to deployment. In addition, an IV single-dose broad-spectrum an- 
tibiotic is used. The device is usually very reliable, although there is a 
small failure rate. Patients are instructed to remain in bed for 2 h fol- 
lowing deployment of the Perclose device. 

2. Vasoseal ES (Datascope Corp., Montvale, NJ, USA). This device consists 
of a coagulant plug of collagen. 
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3. Angioseal (Sherwood Davis & Gleck, St. Louis, MO, USA). This device 
consists of a polyglycolic acid seal plug. These last two devices can be 
of help when large sheaths and anticoagulation with antiplatelet med- 
ications have been used. However, they have the potential of distal em- 
bolization (Morris and Branden 1999). 

When using these various devices, a single wall puncture is recommended. 



14.5 Catheters and Delivery Systems 

As the field is expanding, multitudes of catheter and delivery systems have 
been introduced at a fast pace, and more are being developed (Table 14.2). 



Table 14.2. Catheters and delivery systems 



1. Guiding catheters 

2. Microcatheters 

3. Balloon catheters 

4. Detachable balloon catheters 

5. Stent-delivery catheters 



In general we can divide delivery systems into broad categories: 

1. Guiding catheters 

2. Microcatheters 

3. Balloon catheters 

4. Detachable balloon catheters 

5. Stent-delivery catheters 



14.5.1 Guiding Catheters 

A variety of guiding catheters of various diameters are presently available. 
When planning the procedure, it is important to select a series of assem- 
blies that are compatible with one another in length and diameter. A care- 
ful choice of sheath, guiding catheter, and coaxial assembly must be 
compatible (microcatheter, balloons, balloon-tip catheters, stents, etc.; 
Figs. 14.8, 14.9). 
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Fig. 14.8A, B. Conventional catheters. A Lasjaunias 4-French catheter with a tapered 
tip and a 125° distal curve (arrow). B Berenstein catheter, 7-F wire-braided polyeth- 
ylene shaft (a) in the proximal 100 cm. It then tapers in its outer diameter to a 5-F 
nonwire-braided polyethylene tubing ( b ) in its distal 10 cm, maintaining a con- 
stant internal diameter. The last 1 cm has a 105° hockey stick-type curve and is not 
tapered (c) 



14.5.2 Microcatheters 

Two types of microcatheters are presently available: over-the-guidewire 
and flow-guided microcatheters. Most catheters and microcatheters cur- 
rently used are variable-stiffness shafts. The concept of variable-stiffness 
and variable-size selective and superselective catheters was introduced 
earlier (Berenstein et al. 1983). These early-model catheters could reach 
only distal branches of the external carotid artery (ECA) but could not be 
introduced into the brain (Fig. 14.8). The development of 1- to 3-F vari- 
able-stiffness microcatheters (Kikuchi et al. 1987) opened a new horizon 
in selective catheterization of the brain and spinal cord (Figs. 14.10-14.12). 
These catheters permit cerebral navigation without having to use cum- 
bersome systems. They can be used with steerable microguidewire. 
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Fig. 14.9A-C. Guiding catheters. A Variable distal curves on a Guider 5-F delivery 
catheter (Target, Boston Scientific, Watertown, MA, USA). B Envoy 5-F Cordis En- 
dovascular (Johnson and Johnson, NJ, USA). Note the flexible distal tip and thin wall 
on both catheters for a maximum internal diameter. C Headway catheter assembly 
(CathNet-Science SA, Paris, France), with an integrated hemostatic valve, rotating 
hub, and side arm with three-way tap connections 
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Fig. 14. 10A, B. Variable-stiffness microcatheters. A Various-sized Tracker microcathe- 
ters are available. B 1, Tracker 10 with an internal diameter (ID) at the tip of 0.014 in. 
(0.35 mm) and an outer diameter (OD) at the tip of 0.027 in. (0.69 mm). 2, Tracker 18 
with an ID at the tip of 0.020 in. (0.51 mm) and an OD at the tip of 0.036 in. (0.92 mm). 
3, Tracker 25 with an ID at the tip of 0.027 in. (0.69 mm) and an OD at the tip of 
0.049 in. (1.25 mm) 




Fig. 14.11. Variable-stiffness Mini-Torquer. This microcatheter is used with a stylus 
for introduction. The transition from the rigid catheter (arrow) to the very soft por- 
tion (long arrow) is usually 20 cm long. A gentle curve (curved arrow) is usually best 
for cerebral navigation and is formed with steam 
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Fig. 14.12. Variable-stiffness 
microcatheters with wire- 
braided shaft and preshaped 
curve from Cordis Endovascu- 
lar 






In the past several years, currently available catheters and microcatheters 
have incorporated various technologies that make them superior to those 
in the past, including special coatings of the outer surface of the catheter’s 
usually hydrophilic technology, which makes them more lubricious and 
therefore easier to advance. Catheter shafts are presently made of variable 
stiffnesses, with the more proximal portion of the catheter stiffer, and the 
more distal segment more pliable and softer (Berenstein 1983). Most over- 
the-guidewire microcatheters are presently constructed with braided 
shafts (wire or other polymers) (Fig. 14.13), which gives them added 
torque and pushability, and prevents the inner diameter (ID) of the lumen 
from collapsing or kinking. Maintaining integrity of the catheter lumen 
throughout is essential for the easy and safe delivery of the various de- 
vices used (Fig. 14.14). 

For cerebral catheterization, the distal 7-30 cm are very supple, per- 
mitting flow-directed navigation, which allows them to negotiate distal, 
tortuous anatomy. Flow-guided microcatheters come in various sizes and 
distal configurations (Fig. 14.15). We prefer flow-guided microcatheters 
for cerebral catheterization. They are less traumatic, and with present mi- 
croguidewires can reach very distal and small vessels, even if they are not 
high-flow vessels (Fig. 14.16, pp. 940, 941). Over-the-guidewire micro- 
catheters can also be used for cerebral navigation (Fig. 14.17) and are pri- 
marily used for ECA, spinal artery, and spinal cord catheterization, as well 
as for aneurysm treatments or revascularization. 

When tortuosity and loops are encountered, such as in the cervical or 
cavernous carotid arteries, the vessel loop can be straightened by pulling 
back on the catheter (Fig. 14.17, p. 942). In adults, loops can be corrected 
with the combination of the microcatheter and the guiding catheter 
(Fig. 14.18, p. 943) (Garcia-Monaco et al. 1990b). 
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Fig. 14.13. Wire-braided microcatheter shaft with a DMSO-compatible inner lining 
Rebar microcatheter (MicroTherapeutics, Inc. Irvine, CA, USA) 



Proximal Shaft High Durometer Polymer 
(Pebax 7233) 

Mid Shaft Medium durometer Polymer 
(Pebax 5533) 



Mid Taper Shaft Medium Durometer Polymer 
(Pebax 4033) 




Radiopaque Markers 



Matallic Reinforcement Material 
Single layer 




Lubricious Inner Lumen 
(PTFE) 



Inner Layer 

Medium durometer Polymer 
fPebax 55331 



Matallic Reinforcement Material 
3 layers 



Fig. 14.14. Excelsior 10 microcatheter. Note the variable construction at the different 
parts of the shaft. Currently available microcatheters use a variety of materials in 
combination to obtain better characteristics: flexibility, kink resistance, hydrophilic 
qualities, variable stiffnesses, etc. 
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Fig. 14.15A-D. Flow-guided microcatheters. A Magic (Balt, Paris, France) variable- 
stiffness microcatheter. This microcatheter has a very supple distal end. B Hydro- 
philic coated shaft, in three different diameter sizes. C At the distal end, they have a 
radiopaque marker, with conventional tip, or D olive design ( curved arrow), with a 
larger distal size, for flow navigation and easier wedging for flow control 
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Fig. 14.16A-I. Microarteriovenous malformation (micro-AVM) distal cerebral cathe- 
terization. A Lateral and B frontal digital subtraction angiograms (DSA) demon- 
strate a distal small single-feeder arteriovenous malformation. C Selective catheteri- 
zation of the angular branch of the middle cerebral artery. Note the small-caliber 
single-pedicle feeder of similar caliber to the other branches. D Distal superselective 
catheter position. E DSA of the acrylic injection. F-I see p. 941 
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Fig. 14.16 ( continued ). F Lateral and G frontal DSA angiogram after embolization 
showed the total obliteration of the AVM. H Lateral DSA on 6-month follow-up an- 
giogram demonstrates persistence of the occlusion H arterial phase, I late venous 
phase. Note the persistence of the obliteration of the malformation 
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Fig. 14.17A-D. Progressive catheterization with a Mini-Torquer system and guide- 
wire in a patient with a choroidal type vein of Galen aneurysmal malformation. Note 
the disappearance of the carotid kinking (arrow) during manipulation of the devices. 
By gently pulling back on the catheter, the carotid curves can be straightened ( broad 
arrow), subsequently permitting more distal advancement of the guidewire ( curved 
open arrow); the microcatheter tip (small arrow) is then advanced. Prior to acrylic 
deposition, excess catheter should be avoided 



14.5.3 Balloon Catheters 

We divide balloon catheters into those that are used primarily for control 
of the blood flow or for tolerance testing, those used as the embolic agents 
themselves, balloon-tip catheters for angioplasty and neck bridges during 
aneurysm treatment, and those used for stent deployment. 



14.5.3. 1 Tolerance Testing and Flow Control 

When performing a balloon occlusion tolerance test in a major brachio- 
cephalic artery, the following principles must be observed: 

- Careful analysis of the anatomical position of the primary and collat- 
eral circulations, including the circle of Willis and the transcranial 
anastomosis, in most cases makes it possible to anticipate the result of 
the test. 
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Fig. 14.18A-C. Adult patient with an arteriovenous malformation and marked tor- 
tuosity. The ability to straighten out the curve with a coaxial assembly maneuver is 
shown. A Lateral view of the common carotid artery demonstrates the marked tor- 
tuosity of the internal carotid artery ( curved arrows). B Mini-Torquer passing through 
the tortuous carotid ( curved arrows ). C By retracting the Mini-Torquer ( small arrow) 
and advancing the 5-French introducer ( large arrow), the tortuous loop is straight- 
ened 



- The test should be done with systemic heparin protection. 

- The occlusive device used for the test should not damage the vessel 
wall. 

- Assessment of the other vessels’ contribution during balloon inflation 
is necessary and requires access by two catheters, unless a double- 
lumen balloon technique is used. 

- Simultaneous appearance of the venous phases of the distal territory of 
the occluded artery and that of the supra- and infratentorial brain is a 
strong indicator of good tolerance. 

- Clinical assessment should be simple and rehearsed with the patient 
before the test. 

Double-Lumen Balloon-Tip Catheters 

Conventional double-lumen balloon catheters (DLBC) come in 4- tolO-F 
diameters. Nearly all balloons in these catheters are made of latex and 
have a limited shelf life (Fig. 14.19). The proximal lumen is used for bal- 
loon inflation, whereas the distal lumen is for distal injection. To free the 
balloons of air, a low-viscosity solution such as low-concentration (30%) 
iodinated contrast material is used to make the balloon radiopaque, while 
retaining easy inflation or deflation. They are used for flow arrest during 
embolization in very high-flow conditions, mostly in very young patients 
(Fig. 14.20), during the injection of nonadhesive liquids such as silicon 
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Fig. 14.19A, B. Double-lumen balloon catheters. A Conventional double-balloon 
catheter. The proximal lumen is used for balloon inflation whereas the distal lumen 
(arrow) is used for distal injection of contrast material, embolic agents, or infusions 
(arrow). Bubbles of air (x) should be purged prior to balloon insertion into the cir- 
culation. B Modified Berenstein double-lumen occlusive balloon catheter and its 
assembly system. An introducer sheath (a) of 2-F size larger than the modified oc- 
clusive balloon catheter (b) is used. A smaller (2- to 3-F) catheter (c) can be used 
coaxially. The proximal lumen of the modified double-lumen balloon catheter (d) is 
used for balloon (e) inflation. The Tuohy-Borst Y-adapter (f) with a side arm (g) for 
continuous perfusion between the sheath (a) and the balloon catheter (b) is used to 
prevent clot formation between coaxial assembly systems. Similarly, a Tuohy-Borst 
Y-adapter is used between the proximal occlusive balloon catheter (b) and the small 
2-F (c) coaxial catheter. (From Berenstein and Kricheff 1979a, with permission) 
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Fig. 14.20A-L. Double-lumen balloon catheters can be used for liquid embolization 
in high-flow conditions under flow control. A 2-year-old infant, with a very high-flow 
congenital arteriovenous fistula (AVF). A Frontal and B lateral early and mid arteri- 
al phases and C frontal late phase right common carotid artery angiogram demon- 
strate a high-flow AVF (arrow. A). Note the ballooning of the draining vein, which 
prevents proper anchoring of a coil (D) or a balloon. E Frontal plain films show the 
balloon ( curved arrow) and the distal coaxial microcatheter (arrow). F Frontal and G 
lateral early and later phase injection under flow control demonstrate the fistula (ar- 
row). H-L see p. 946 
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Fig. 14.20 (continued). H Lateral and I frontal last image hold of the N-butyl-cyano- 
acrylate (NBCA) cast of the fistula ( arrowhead ). J Lateral and K, L frontal digital sub- 
traction angiogram demonstrating total obliteration of the AVF 



fluid or Onyx (MicroTherapeutics, Inc. Irvine, CA, USA) (Fig. 1.21) or to 
permit reversal of flow (Fig. 14.22). 

We also utilize these balloon catheters for functional investigation of 
tolerance to major vessel occlusion (Fig. 14.2) (Berenstein and Kricheff 
1978) or for flow arrest angiography for the investigation of the point of 
fistulization (Berenstein Kricheff 1979b) (Fig. 14.20), when rapid sequen- 
tial angiography fails to do so. In general, balloon inflation is easier with 
a small (1-3 ml) Luer-Lok syringe; however, if rapid deflation is needed, 
the larger the syringe the more negative pressure can be applied and the 
faster the balloon will deflate. 

In general when using conventional DLBCs, one should use an intro- 
ducer sheath to prevent balloon damage during the insertion or while 
withdrawing the catheter. 
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Fig. 14.21 A-C. Silicone fluid embolization with flow arrest. A Lateral subtraction an- 
giogram of the distal internal maxillary artery with flow arrest using a double-lumen 
occlusive balloon catheter ( dotted lines). B Lateral plain radiogram demonstrates the 
excellent radiopaque cast obtained with the liquid silicone and tantalum mixture. 
Note some silicone in the draining vein ( open curved arrow). C Radiogram of the 
fragmented specimen demonstrating the deep penetration of the liquid radiopaque 
silicone mixture. Same patient as Fig. 10.14 
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Fig. 14.22A-C. Balloon flow reversal in a capillary-venous vascular malformation. ► 
A Selective right facial injection demonstrates filling of the collateral circulation with 
filling of the inferior to superior masseteric arteries ( small arrows), transverse facial 
( arrows ) and distal facial arteries ( broad arrows), mid-mental to inferior dental 
( broken arrows), buccal to internal maxillary artery ( open arrowheads), and the infra- 
orbital point (flagged arrow), with only modest opacification of a capillary venous vas- 
cular malformation of the submental area. B Using a double-lumen occlusive balloon 
catheter in the proximal facial artery (flagged arrows), one can fill the capillary ve- 
nous vascular malformation to best advantage. Note the superior ascending palatine 
circumferential artery (open curved arrow) and only very modest opacification of the 
distal facial artery. Using fluoroscopic monitoring, the reversal of the flow through 
the collateral anastomotic pathways toward the lesion can be seen. C This provided 
an excellent microembolization with 40 pm of Gelfoam powder (arrowheads), pre- 
serving the collateral circulation 
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Fig. 14.22B, C. Legend see p. 948 
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Modified Double-Lumen Balloon Catheters 
(Berenstein Double-Lumen Balloon Catheter) 

The purpose of this modified double-lumen balloon catheter is to main- 
tain a large ID of the injection lumen to permit the injection of larger par- 
ticles, more viscous fluids, or coaxially smaller catheters (Fig. 14.19B). 
These catheters increase the ID by approximately 30% depending on the 
catheter size, without changing the OD of the shaft. The OD of the nonta- 
pered tip at the site of the balloon attachment is not a problem when in- 
troducer sheaths are used. In general, sheaths that are 2 F larger than the 
catheter are needed. 

More recently a small-profile double-lumen balloon-tip catheter has 
been introduced, the Comodor (Cordis Endovascular, Warren, NJ, USA) 
(Fig. 14.23), which may play a role in intracranial endovascular proce- 
dures such as flow arrest embolizations, remodeling, or angioplasties. 

Single-Lumen Balloon Catheters 

Single-lumen calibrated-leak microballoon catheters are no longer used; 
they were used to inject liquid embolics (IBCA, NBCA) and are only used 
by one of the authors (A.B.) for angioplasty. 

Currently available single-lumen balloon-tip catheters such as the 
Stealth catheter are used for distal angioplasty (Fig. 14.24) and are used 



Fig. 14.23. Comodor (Cordis 
Endovascular) double-lumen 
balloon catheter with a very 
low-profile 3-F caliber 



Fig. 14.24A-C. Stealth angioplasty microballoon catheter (Target, Boston Scientific, ► 
San Jose, CA, USA). Variable-stiffness catheter assembly system with similar low-pro- 
file Tracker catheter technology, with a distal angioplasty balloon. The catheter is sin- 
gle lumen and uses a valve wire mechanism. A Valve wire engaged position to inflate 
the balloon (1) and valve wire disengaged position for deflation of the balloon (2). 

B Three different sizes of balloons in the deflated stage with the valve wire disen- 
gaged. C With the valve wire engaged, the balloon can be inflated. This catheter has 
been most useful for larger-diameter vessels (see Fig. 3.21) and for atherosclerotic- 
type stenosis. The low profile of these catheters provides very distal catheterization 
with a relatively strong angioplasty balloon 
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Fig. 14.24A-C. 
Legend see p. 950 
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Fig. 14.25A-E. Balloon angioplasty of the right middle cerebral artery with a Stealth 
balloon tip catheter (Target, Boston Scientific). A Three-dimensional angiogram of 
the right internal carotid artery (ICA) seen from front and B from back, demonstrate 
a short severe stenosis of the Ml segment (arrow). C Road map image of the Stealth 
balloon tip catheter (curved arrow). D Frontal and E posterior views of the right ICA 
after angioplasty 



mainly for atherosclerotic lesions (Fig. 14.25) or vasospasm (Eskridge et 
al. 1994). The Endeavor (Higashida 1989), a single-lumen silastic balloon, 
is used primarily for angioplasty of vasospasm (Fig. 14.26A), or a cali- 
brated leak can easily be made with a 25-gauge needle for safer vasodi- 
latation (Fig. 14.26B, C). The Endeavor balloon-tip catheter can also be 
used to temporarily act as a support for detaching a detachable balloon 
(Fig. 14.27), temporary balloon occlusion for flow assessment, or for bet- 
ter penetration in competing flows (Fig. 14.28). Various single-lumen bal- 
loon-tip catheters have been recently introduced for distal angioplasty 
and have been used for the remodeling the orifice of an aneurysm (Moret 
et al. 1997) to prevent embolic agent protruding into the vessel lumen see 
“Balloon Remodeling”) (Figs. 14.29, 14.30, 14.84, 14.85). 
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Fig. 14.26. A Higashida angioplasty balloon: the Endeavor (Target, Boston Scientif- 
ic). This is a blind-ended soft silicone balloon that inflates along a longitudinal axis 
and is attached to a variable-stiffness microcatheter. B A calibrated leak is made with 
a 25-gauge or similar needle (arrow). C Thanks to leak control, injection of liquids is 
possible while still dilating the balloon for infusion of vasoactive substances, throm- 
bolytics or angioplasty (arrow) 



Fig. 14.27. Double-balloon 
technique. Two-balloon 
catheter systems are used to en- 
ter a posterior communicating 
level aneurysm. A nondetach- 
able balloon is placed distal to 
the origin of the posterior com- 
municating artery aneurysm 
(double arrowhead). The de- 
tachable balloon assembly sys- 
tem with a preshaped gentle 
curve in the catheter shaft 
enters through the neck of the 
aneurysm (curved arrow) 
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Fig. 14.28A-D. Two variable-stiffness systems to produce flow modifications. A Lat- 
eral subtraction angiogram (DSA) of the left vertebral artery. There is indirect filling 
of the arteriovenous malformation (AVM) from the posterior cerebral artery (PCA) 
via leptomeningeal collaterals ( arrowheads ). B DSA of the left internal carotid artery. 
C Lateral DSA of the left anterior cerebral artery (ACA) injection with temporary bal- 
loon occlusion of the posterior cerebral artery (arrow). D Left vertebral artery injec- 
tion after embolization via the ACA. The posterior cerebral artery was temporarily 
occluded while the acrylic was injected into the AVM via the ACA. Note the signifi- 
cant decrease in nidus field by the PCA (compare to A) 
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Fig. 14.29. Sentry single-lumen balloon tip catheter used for remodeling technique 
or dilatation of cerebrovascular spasm. (Target, Boston Scientific). Similar to other 
single-lumen balloon-tip catheters, a 0.010-in. microguidewire is used to inflate the 
balloon. The balloon may also be used with a 1-ml Luer-Lok syringe as a calibrated 
leak balloon catheter 



14.5.3.2 Detachable Balloons 

Detachable balloons were originally designed by Serbinenko in Russia 
(1974) and introduced in the Western world by Debrun (1975a). Detach- 
able balloons (Fig. 14.31) are still the embolic agent of choice for single- 
hole fistulae of the traumatic or congenital type and are very effective 
when a major artery is to be occluded. The major advantages of detach- 
able balloons when compared to other types of embolic agents (particles, 
coils, liquids, etc.) are the following: 

1. A vessel and/or abnormality can be closed at a precise location. 

2. Distal and/or tortuous locations can be reached by flow navigation. 

3. As they can be inflated, a vessel of larger diameter (up to 3 cm) can be 
occluded with a relatively small percutaneous arteriotomy. 

4. They can be removed and changed if the position or size of the balloon 
is incorrect. 

5. They can be passed into the venous side for occlusion of a pathological 
arteriovenous fistula with preservation of the parent artery. 

At one time they were used for aneurysm treatment, to exclude the 
aneurysm from the circulation. They are no longer used for this purpose. 
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Fig. 14.30A, B. Single-lumen 
balloon-tip catheters (MTI, San 
Clemente, CA, USA). A Equinox 
(MTI). Single-lumen pliable 
balloon tip catheter used for re- 
modeling technique or dilata- 
tion of cerebrovascular spasm. 
The tip of the catheter is sealed 
off by the 0.010-in. guidewire. 
The balloon may also be used 
with a 1-ml Luer-Lok syringe 
as a calibrated leak balloon 
catheter. B Hyperglide (MTI). 

A more pliable balloon permits 
better molding to different 
anatomy such as the basilar 
apex 
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Table 14.3. Detachable balloons 



Characteristics 


Latex 3 


BD Silicone b 


Silicone c 


Distensibility 


1:7 


1:4 


1:6 


Hysteresis 


- 


++ 


+ 


Deflation 


2-4 weeks 


> 24 weeks 


> 24 weeks 


Shapes 


Multiple 


Elongated 


Round 


Inflation diameter (mm) 


5-30 


4-8 


4-35 



a Debrun Ingenor. 
b Becton-Dickinson. 
c Hieshima. 



Detachable balloons are made of either latex (Debrun’s type, O’Reilly 
gold valve), or silastic (Hieshima type) (Table 14.3). 

Latex Balloons 

The commercial version of the balloon designed by O’Reilly et al. (1984) 
is available and is known as the gold valve balloon (Nycomed, Paris, 
France). It consists of a small balloon within a larger balloon. The smaller 
inner balloon has a distal hole through which the microcatheter is intro- 
duced. After detachment, the smaller balloon acts as the valve, preventing 
deflation (Fig. 14.32). While the main advantage of this balloon is its easy 
assembly, it can also be tested prior to introduction into the circulation 
and is therefore more reliable. 

Latex balloons are frequently used by the authors. The main advantages 
are the following: 

1. Multiplicity of sizes and shapes 

2. Easy assembly with the gold valve model 

3. Latex distensibility 

4. Good memory or hysteresis, even after the balloon has been inflated 
and deflated on multiple occasions 

The balloons come with a radiopaque marker, usually a small silver clip so 
they can be seen when introduced into the circulation prior to balloon in- 
flation. 

The main disadvantages are the following: 

1. Relatively short shelf life. Latex is light sensitive (Abele 1978) and should 
be stored with some type of cover. 

2. At present, regardless of the way they are attached to the catheter, they 
will eventually deflate. 



◄ Fig. 14.31. Debrun latex balloons come in multiple sizes and shapes. Unmounted 
balloons have a narrow collar ( arrowhead ) where they are mounted. A radiopaque 
silver marker is placed in the distal part of the balloon (arrow) or in the balloon it- 
self (long arrow). Note the distensibility of latex from the deflated to the inflated size. 
Latex threads (open curved arrow) are used for mounting the balloons (see Fig. 14.36) 
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Fig. 14.32A, B. O’Reilly (gold 
valve) balloon. A Deflated and 
B inflated, detachable balloons. 
They can also be mounted on 
a Debrun assembly system 
(Fig. 14.31) or on an extended- 
tip Tracker variable-stiffness 
microcatheter. The valve is 
made of a smaller inner bal- 
loon with a calibrated leak 
( curved arrow) 



At time of detachment, careful fluoroscopic monitoring to ensure that 
there is no change in the balloon position is essential to preventing 
backward migration of the balloon. One can see the proximal neck of 
the balloon stretching as this maneuver is being performed, with im- 
mediate return of the balloon neck to its original position once detach- 
ment occurs, which is felt as a subtle give in wire tension. 

Silastic Balloons 

The Hieshima Apollo detachable balloon (Target, Boston Scientific, San 
Jose, CA, USA) comes in various sizes (Fig. 14.33), and uses a miter valve 
for sealing (Fig. 14.34). It has 1:16 distensibility. It is attached to a 2-F poly- 
ethylene or Teflon catheter. Like the Debrun (latex) assembly system, de- 
tachment can be by coaxial detachment (Figs. 14.35, 14.36), or by gentle 
long pulling until detachment occurs. Apollo balloons can be easily 
mounted, tested, and detached in vitro for inspection and reattached to 
the catheter shaft. It will maintain its distended size if inflated with an 
isosmolar contrast agent. They come in three detachment strengths, de- 
pending on the intended indication, with the low and medium detach- 
ment force used in parent vessel occlusion, whereas the high detachment 
force balloons are used for high-flow fistulae. 



14.5.3.3 Angioplasty Balloon Catheters 

A great variety of angioplasty balloon catheters are currently available, 
with various lengths, sizes, and balloon compliances. The devices have 
been designed for peripheral and cardiac indications. They may be non- 
compliant or semi-compliant and can reach over 12 atm pressure. In the 
brachiocephalic and cervical arteries, these catheters are very useful. For 
intracranial angioplasty, we do not require such high pressures. The 
single-lumen Stealth or the hydrophilic-coated version, the FastStealth 
(Fig. 14.24) catheter, is our preferred device for atherosclerotic lesions 
(Fig. 14.25), whereas the compliance balloons such as the Sentry (Fig. 14.29) 
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Fig. 14.33A, B. Hieshima Apol- 
lo (Target, Boston Scientific) 
detachable balloons with a 
miter valve comes in various 
sizes and detachment strengths. 
A Uninflated balloons. B Inflat- 
ed balloons. The valve reliabili- 
ty can be checked in vitro. If it 
leaks (arrow) the balloon is not 
used 




Fig. 14.34A, B. Hieshima Apol- 
lo (Target, Boston Scientific) 
colorless balloon. Note the in- 
vaginated self-sealing valve; 
no collar is present (arrow). 

A An uninflated balloon and 
B an inflated balloon 




and the Equinox (Fig. 14.30), a calibrated-leak balloon made out of la- 
tex (Fig. 14.37), or the Target silicon angioplasty Endeavor balloon-tip 
catheter (Fig. 14.26B, C) are used for the treatment of vasospasm. 

Angioplasty of cerebral arteries requires special care, as the vessel wall 
is more prone to mechanical damage and dissections, for which underdi- 
latation will result in clinical improvement without the risk of vessel in- 
jury (Figs. 14.25, 14.38). 
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Fig. 14.35. Debrun detachable balloon coaxial system. A sheath (a) is placed at the 
arteriotomy site. A thin-walled introducer (6-9 F) (£>) is placed in the internal carotid 
and/or desired vessel using conventional angiographic techniques. The coaxial 3-F 
(c) and 2-F Teflon balloon catheters (d) are introduced into the circulation via the 
thin-walled introducer ( b ) using a Tuohy-Borst “Y”-adapter (e) connected to flush 
solution through its second limb ( h ). A second clear Y-adapter without valves ( g ) is 
used, through which contrast angiography can be performed via its sidearm. Prior to 
contrast injection e and h must be closed. Continuous perfusion through the sheath 
side arm (i) is needed to avoid clot formation 




Fig. 14.36A-C. Balloon detachment. Debrun detachable balloon catheter; traction is 
needed for detachment. A Once the balloon is in the inflated and desired position, the 
outer 3-F catheter is advanced into the circulation (arrow) while monitoring the 
balloon position. B Once the 3-F tubing has reached the latex ligature and fixes the 
balloon, gentle traction is applied to the 2-F Teflon catheter ( d ) (A). C As the balloon 
detaches, a gentle give is felt. This maneuver must be carefully monitored fluoro- 
scopically 
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Fig. 14.37A-E. Calibrated leak microballoon. A At the beginning of injection, the 
leak should be large enough to permit infusion (arrow) without balloon inflation. 
B Increased pressure increases the flow rate of injection and starts the balloon infla- 
tion (arrow). C Further injection pressure permits infusion with balloon inflation 
(arrow). D Larger oval balloons are in a Tracker microcatheter. Arrow shows the cal- 
ibrated leak. E Colibri longitudinal balloon. The balloons shown in D and E also used 
for angioplasty 




Fig. 14.38A, B. Balloon angioplasty of the basilar artery. A Superselective injection of 
the distal basilar artery showing a severe focal stenosis (arrow) after initial 
250,000 UI of urokinase (UK), without change. B Lateral digital subtraction an- 
giogram of the right vertebral artery after 250 IU of UK and balloon angioplasty, im- 
proving the lumen and avoiding damage to the vessel wall 
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Fig. 14.39. Balloon expanded 
AVE (AVE/Medtronic, Min- 
neapolis, MN, USA). Stent with 
open-cell design made out of 
stainless steel with added flexi- 
bility 



14.5.3.4 Balloon-Mounted Stents 

As stents are improving, with ever lower profile and increased flexibility, 
balloon-assisted stenting is being used more frequently; if the cardiac and 
peripheral experience holds in neuroangiography, stenting will soon re- 
place angioplasty. 

Currently available devices for distal revascularization are primarily 
balloon expandable stents. Most have been used off label, as they have 
been designed for cardiac use, but can frequently be used in the distal 
carotid arteries, vertebral artery, basilar artery, and even the Ml segment 
(Fig. 14.39). 

Of interest has been the lack of embolization or occlusion of small per- 
forators and side branches, probably related to the very fine struts of the 
various stents, and the universal use of antiplatelet medications. The most 
appropriate strut design metal for intracranial applications or even the 
differences that may be particular to one area versus another (basilar ar- 
tery vs. MCA) are not presently known. 

Several self-expandable nitinol microstents are being developed. They 
have the advantage of being lower profile and more trackable; however, 
they may be limited in their radial force, but can be dilated after deploy- 
ment (Fig. 14.40). 



14.5.3.5 Stent Delivery Catheters 

Stents are deployed either by balloon inflation (Figs. 14.39, 14.41) or they 
maybe self-expanded, in which case they are introduced in the collapsed 
state within a sleeve. Various mechanisms have been designed to retrieve 
the sleeve and allow the stent to expand (Figs. 14.42, 14.154). There are 
various designs of self-expanding stents (see Sect. 14.6). 

Due to their relatively large profile, care as to ID-OD compatibility is 
imperative; lower-profile self-expanding stents require smaller delivery 
catheters. 

Covered stents are now becoming available and have some advantages 
in specific cases, although they are still more rigid and of larger profile 
(Fig. 14.43). 
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Fig. 14.40A-C. Neuroform 
(Target, Boston Scientific), 
a self-expandable nitinol low- 
profile microstent. A The stent 
comes in a 3-F delivery system 
and is self-expandable, as the 
covering sheath is pulled. B The 
fully expanded stent. Note 
the four radiopaque markers in 
each end of the stent ( open 
curved arrows). C Close-up 
view of the open-cell configura- 
tion 2-F stent 




Fig. 14.41A, B. Balloon-ex- 
pandable stainless steal stent 
for intracranial navigation. 
(Target, Boston Scientific), ex- 
ample of a balloon-expandable 
intracranial stent. A Stent 
mounted over balloon. B After 
balloon inflation there is ex- 
pansion of the stent. Balloon- 
expandable stents can be made 
of different constructions (see 
text) 
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Fig. 14.42A-D. Radius (Target, 
Boston Scientific) Self-expand- 
able mesh construction stent 
made out of nitinol. A Stent 
within the delivery catheter. 

B As the introducer sheath is 
withdrawn, the self-expandable 
stent begins to expand in its 
distal portion. C Mid-expan- 
sion and D fully expanded stent 




Fig. 14.43. Covered stent. Sym- 
biot (Target, Boston Scientific). 
This stent is a self-expanding 
nitinol stent covered with flexi- 
ble EPTFE covering 
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Fig. 14.44. Terumo guidewires. 
Various sizes of nitinol micro- 
guidewires used in cerebral 
navigation (Terumo, Tokyo, 
Japan; distributed by Boston 
Scientific, Maple Grove, MN) 



14.6 Guidewires 

In general, we employ the Terumo 0.035-in. or 0.038-in. soft or conven- 
tional guidewires (depending on the guiding catheter ID). They all have 
hydrophilic coating and have very good torque control (Fig. 14.44). 



14.6.1 Microguidewires 

One of the greatest advantages of variable-stiffness microcatheters is the 
ability to use microguidewire assistance, in addition to torque control and 
flow-assisted navigation, in distal intracranial locations. Most presently 
available microguidewires have hydrophilic coatings. 

For distal navigation, a variety of microguidewires exist. Our preferred 
microguidewires include the Terumo 0.012-in. (Terumo, Tokyo, Japan), 
which has very good torque control, is more kink-resistant, comes with 
preshaped curves (45°, or 90°), but cannot be reshaped. The Silverspeed 
0.08-in. and 0.014-in. (MicroTherapeutics, Inc., San Clemente, CA, USA), 
with the smaller 0.08-in. are the preferred guidewires with flow-guided 
microcatheters. The Agility 0.010-in. and 0.014-in. (Cordis Endovascular), 
the Sorcerer 0.007-in. and 0.009-in. (Balt, Paris, France) are excellent wires 
for distal catheterization, primarily used in distal cerebral catheterization, 
spinal cord, and the ECA. The major disadvantage of these types of wire is 
their softness, and when used in tortuous anatomy, they must be changed 
frequently, with the obvious increase in cost. An advantage of these types 
of wire is the ability to shape their distal end; their softness also helps in 
probing as they are advanced. The very soft microguidewire can be used 
with a straight or a simple curve in its distal end (Fig. 14.45). The wires can 
be easily steered with 1:1 torque control. The guidewire curve will permit 
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Fig. 14.45A-C. Microguidewire use in cerebral navigation. Current microguidewires 
come in a variety of constructions and designs, with numerous support characteris- 
tics. Ever-improving hydrophilic coatings. A, C Target products (Boston Scientific). 
B Agility from Cordis Endovascular 



engagement of difficult curves such as the choroidal arteries (Fig. 14.46), 
the anterior cerebral artery, and, once engaged, the proximal stiffness as- 
sists in advancing while the soft distal tip prevents vessel damage. If the 
tip buckles, the guidewire is slightly withdrawn and rotated to prevent re- 
entering the undesired branch. 

When using soft microguidewires, advancement is best with a J-curve, 
to prevent entering more proximal small vessels (ophthalmic, Cl, posteri- 
or inferior cerebellar artery, basilar tip, etc.) (Fig. 14.47). In addition, a 
J-curve can be used in a sidewinder fashion. In this technique, the curved 
wire is initially passed beyond the vessel to be catheterized and then, by 
withdrawing the system, the desired artery is engaged. 

For the smaller microcatheters such as the 1.5-F, or 1.2-F Magic (Balt), 
the Mirage 0.008-in. (MicroTherapeutics, Inc.) (Fig. 1.41), or the Sorcerer 
009-in. and 007-in. by Balt are extensively used. 

In aneurysm treatment, the Terumo (Terumo) 0.012-in. guidewire 
(Fig. 14.44) or Transent platinum 0.014-in. (Target, Boston Scientific) 
(Fig. 1.45), with its very radiopaque distal segment, are usually able to 
reach the desired position. 
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Fig. 14.46A-D. Microguidewire use in cerebral navigation. Small arteriovenous mal- 
formation of the lateral ventricle. A Lateral oblique subtraction angiogram of the left 
vertebral artery shows the posterior medial choroidal (arrow) supplying a small ar- 
teriovenous shunt. B Road map view after guidewire catheterization of the sharp 
curve of the posterior medial choroidal showing the tip of the microcatheter (arrow). 
C Superselective injection of the choroidal artery showing the shunt. D Postem- 
bolization angiogram shows occlusion of the malformation and preservation of all 
normal arteries 



In revascularization procedures, more support is needed for the ad- 
vancement of angioplasty balloon tip catheters and stent deployment; 
stiffer 0.018-in. or 0.014-in. microguidewires are necessary. Long exchange 
sizes of 300 cm or longer are needed, unless compatible monorail systems 
are used. A great variety exists from the coronary angiography experience 
and technology. We believe that the operators should familiarize them- 
selves with two or three microguidewires, from moderate stiffness to 
stiffer wires, for greater flexibility. As will be detailed later (see Sect. 14.16.9), 
the guidewire is probably the single most important tool in revasculariza- 
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Fig. 14.47A-H. Technique for “J” guidewire advancement. Axial MRI of an intraor- 
bital, extraconal vascular malformation B Lateral digital subtraction angiogram 
(DSA) of the right common carotid artery demonstrates the external carotid artery 
and ophthalmic contribution to the AVM. Note the two main vessels supplying the le- 
sion (arrows). C Microcatheter tip in the more distal feeder (arrow). D The J on the 
wire is made to catheterize the more proximal feeder by engaging the wire tip in a 
small branch (arrow) and gently advancing the wire to create the J loop (curved ar- 
row ), for a less traumatic advancement, despite tortuousities, or sharp angulations of 
the catheter tip (arrow, E). F-H see p. 969 






Particulate Agents 969 




Fig. 14.47 ( continued ). F superselective angiogram prior to embolization. Lateral 
DSA follow-up 6 months after embolization. G Early arterial phase and H later phase 
images show no malformation. Note the retinal blush ( curved arrow ) 



tion procedures. While the wire is in the appropriate location, most prob- 
lems can be solved. If the wire position is lost, the complications will be 
more difficult to resolve (Fig. 14.149). 



14.7 Embolic Agents 

The choice of embolic agents will depend on the goal of the procedure, the 
selectivity accomplished, and the vascular anatomy of the angioarchitec- 
ture of the pathological territory (Table 14.4). 

Embolic agents can be divided into solid particles or liquid agents by 
their physical characteristics, and into absorbable, nonabsorbable, or cy- 
totoxic types by their biological behavior. 



14.7.1 Particulate Agents 

Particle embolization refers to a mechanical blockage of a vascular terri- 
tory utilizing particles that may be of uniform or variable sizes and 
shapes. Their ability to occlude is related to their size, shape, and friction 
coefficient. Particulate emboli used during surgical neuroangiographic 
procedures are of various types: absorbable materials, nonabsorbable ma- 
terials, and time-releasable microparticles. Particulate agents in general 
are not able to distally penetrate the nidus of the malformation, resulting 
in proximal vessel occlusion. In our experience, the long-term results of 
such proximal occlusions show no improvement over the natural course 
of BAVMs in terms of rebleeding rate. In some centers, particulate agents 
are used as the main embolic agent in preoperative devascularization 
(Hilal and Michaelson 1975; Wolpert and Stein 1975; Hieshima and 
Higashida 1987) or during intraoperative embolization (Drake 1979a; 
Spetzler et al. 1987b). 
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Table 14.4. Embolic agents used by authors 



I. Absorbable (biodegradable) 

a. Gelfoam powder (40-60 pm) 

b. Gelfoam particles (any size) 

c. Avatine (collagen powder) 

II. Nonabsorbable particulate 

a. Polyvinyl alcohol foam (PVA) microemboli 40-1,000 pm 

b. Embospheres 

c. Detachable balloons 

d. Coils 

e. Fiber coils 

f. Detachable coils 

1. Guglielmi detachable coils (GDC) 

2. Micro coils 

3. Cook coils 

4. Cordis coils 

5. Hydrocoils 

6. Bioabsorbable polymeric GDC Coils (BPM/GDC). 

g. Berenstein liquid coils (BLC) 

III. Nonabsorbable Liquids 

a. Adhesive 

1. N-butyl-cyanoacrylate (NBCA) 

Hystoacryl 

TruFil 

2. Octa-cyanoacrylate (Neuroacryl) 

b. Nonadhesive 

1. Ethylene-vinyl alcohol copolymer (EVOH) (Onyx) 

IV. Cytotoxics 

a. Ethanol (98%) 

b. Chemotherapeutic agents 

c. Time-released microcapsules 



In the spine and spinal cord, particulate agents, including reabsorbable 
particles or coils, can be used to protect normal territories or to redirect 
flow when superselectivity is not possible. 



74 . 7 . 7.7 Absorbable Materials 

Emboli such as autologous clot, Avatine, or Gelfoam can be used (Djind- 
jian et al. 1973). We have found Gelfoam to be the best for our purpose and 
do not use any of the others. 

Gelatin Sponge Gelfoam 

Gelatin sponge Gelfoam (Upjohn, Fort Lee, NJ, USA) was first used to con- 
trol hemorrhage during surgical procedures by White in 1945. The first 
report of the intravascular use of Gelfoam was by Speakman in 1964. He 
tried it for occlusion of a traumatic carotid cavernous fistula via the in- 
ternal carotid artery. In 1973, Djindjian et al. reported 60 cases treated 
with the aid of percutaneous catheter embolization using Gelfoam as the 
occluding agent. Since that time, it has been noted that although Gelfoam 
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Fig. 14.48. Gelfoam emboli. 

1, Gelfoam particles of different 
sizes (A, B), which can be com- 
pressed then soaked in contrast 
material and cut in various size 
particles (C). Swelling will oc- 
cur following contrast moisten- 
ing of the gelatin sponge. 2, It 
also comes as a powder with 
particles 40-60 pg in size 




is readily available and easy to use, the vascular occlusion thus accom- 
plished is temporary and recanalization occurs 7-21 days after emboliza- 
tion (Gold and Grace 1975; Barth et al. 1977). It is available as powder 
(40-60 pm in size), as a sheet, or as cubes from which pieces of varying 
sizes can easily be cut, placed in contrast material, and injected through 
small-lumen catheters (Fig. 14.48). Gelfoam comes in sterile, single-use 
packages. 

Gelfoam Powder. We use Gelfoam powder for occlusion of vascular neo- 
plasms prior to surgical removal, or capillary-venular malformations 
(Berenstein 1981) (Figs. 14.122, 14.125). In these cases, the embolic occlu- 
sion occurs at the capillary or precapillary level. The tumor bed is deeply 
penetrated, allowing no possibility of subsequent collateralization. Peri- 
vascular tumor necrosis may be observed pathologically (Fig. 14.49). The 
particles are injected after mixing the powder in 60% iodinated contrast 
material until a homogeneous suspension is obtained. Injection is accom- 
plished under fluoroscopic monitoring using a 1- to 3-ml Luer-Lok sy- 
ringe held in a horizontal position. Depending on the size of the lesion, 
small amounts (0.3-0.5 ml) of the suspension are injected during systole 
(in the external carotid) and the contrast material washout is fluoroscop- 
ically monitored to follow the progressive obliteration of the tumor mi- 
crocirculation. If changes in vascular resistance are noted, the catheter is 
purged backward and rinsed thoroughly. Contrast material is injected at 
a low pressure, with fluoroscopic monitoring to evaluate the distal terri- 
tory remaining after the embolization. In general, Gelfoam powder should 
be carefully used in the external carotid due to the multiple anastomosis 
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Fig. 14.49. A Pathological specimen after Gelfoam powder embolization of a menin- 
gioma. HE stain at low-magnification power demonstrates aggregated Gelfoam par- 
ticles (solid arrow) as they enter a small capillary distally occluded ( broken arrow). 
Note thrombosis of the vessel distal to the microparticle ( open curved arrow). B Azo- 
carmine stain at larger magnification demonstrates the foreign body Gelfoam ( bro- 
ken arrows) as well as darker areas of perivascular early necrosis ( white arrows). 
(From Berenstein and Kricheff 1981b, with permission) 
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between the external carotid system and the intracerebral circulation. As 
the embolized territory is progressively occluded, one may opt for a slow- 
er rate of injection and if necessary, larger particles to prevent passage of 
the microemboli through the anastomotic pathways. 

In the middle meningeal territory, in addition to the collateral circula- 
tion to the carotid and ophthalmic systems, Gelfoam powder (or liquids 
and cytotoxic agents) should be avoided. The proximal 11- to 15-mm 
segment of the middle meningeal artery beyond the foramen spinosum, 
where the petrosal branch of the middle meningeal artery arises, supplies 
the peripheral seventh cranial nerve. The proximal middle meningeal ar- 
tery can then be closed with a Gelfoam strip to maximize preoperative 
thrombosis. The same applies to all branches supplying eloquent territo- 
ries and in particular the cranial nerves. One of the authors (A.B.) has 
been using a combination of Gelfoam powder, 95% ethanol, and metriza- 
mide in the management of malignant lesions at the base of the skull, or 
in selected maxillofacial capillary malformations. 

Gelfoam Particles. These larger particles have been used for preoperative 
hemostasis; however, they do not enter the tumor, and necrosis is not ob- 
served pathologically. At present, we do not use Gelfoam in particles for 
occlusion of abnormal vessels, even as a preoperative measure. We use a 
permanent particulate agent such as polyvinyl alcohol foam or liquid 
agents, primarily acrylates (Berenstein 1980b). 

The use of Gelfoam particles to devascularize a vascular lesion prior to 
surgical removal carries an immediate risk similar to that encountered 
with any permanent agent. If an intracranial vessel is occluded with any 
agent (absorbable or not) this complication is the same. 

When superselectivity cannot be accomplished and a permanent agent 
must be used, a Gelfoam particle, 1x2 or 1x3 mm, or even larger in size, 
may be injected to occlude and protect normal vessels partially or com- 
pletely. The occlusion needs to be sufficient to change the hemodynamics 
of the involved territory so that at the time of injection of the permanent 
agent, only pathological vessels will be filled. Theoretically, Gelfoam 
absorption, when used in this manner, is an added advantage, as late re- 
canalization should result in restoration of flow to the normal vessels that 
were temporarily occluded. 

In cases of traumatic arterial hemorrhage or traumatic aneurysms, 
Gelfoam particles are probably still the best choice as they are easy to in- 
ject and produce the desired hemostasis in the majority of cases. A possi- 
ble exception is when the vessel is larger in diameter than the particles. In 
these instances, expansile polyvinyl alcohol foam, detachable balloons, or 
liquid acrylics will easily occlude a large vessel. 

For the most part we do not use particle embolization in trauma, par- 
ticularly in emergency situations, when anastomoses are present. Glue is 
often the agent of choice with a false arterial aneurysm (AA); superselec- 
tivity is done at the time of embolization. The injection of multiple vol- 
umes of particles carries the risk of rerupturing the false sac. 
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74.7. 7.2 Nonabsorbable Particulate Materials 

Multiple materials of the nonabsorbable particulate type have been intro- 
duced (Table 14.4). The oldest of these, silastic spheres, was originally in- 
troduced by Luessenhop and Valesquez (1964). This agent has primarily 
been used for embolization of cerebrovascular malformations. For head 
and neck embolization, the authors feel that the nonabsorbable particles 
of polyvinyl alcohol foam are probably best suited. The new hydrogels 
such as embospheres are another option. 

Polyvinyl Alcohol Foam 

Polyvinyl alcohol foam (PVA), has improperly been referred to as Ivalon 
(Fig. 14.50) (Cathnet, Paris, France; Cook Inc., Bloomington, IN; Cordis 
Endovascular, Miami, FL; Target Boston Scientific). The sponge is a water- 
insoluble material made by the reaction of polyvinyl alcohol foam with 
formaldehyde. It is resilient when wet but semirigid when dry. The wet 
volume is about 20% greater than the dry volume. It is a nonabsorbable, 
biocompatible sponge. It has been used in the repair of patent ductus ar- 
teriosis (Bentson and Crandall 1972), skin grafts (Hogemann et al. 1961), 
colon surgery (Boutsis 1974), and as an embolic agent (Tadavarthy 1979). 
In the dry compressed form, only gas sterilization should be used. The 
sponge expands 10-15 times in length (depending on its original thick- 
ness) approximately 30 s after contact with moisture (Fig. 14.50C). Dry 
compressed PVA is useful for occluding a medium- to large-sized vessel 
for it expands to occlude an artery larger in diameter than the internal di- 
ameter of the catheter. This material is difficult to handle in the dry, com- 
pressed state. However, if small discs are made from the original sheet by 
catheter hand punchers, or the NYU introducer catheter is used (Kricheff 
and Berenstein 1979), the injection of compressed PVA is facilitated. PVA 
can be made radiopaque with 60% barium sulfate; however, the addition 
of tantalum powder may add further radiopacity to small particles. In 
general, at present, the dry compressed PVA is seldom used. 

PVA Suspension. PVA suspension material is supplied in dry particles 
100-1,000 pm in diameter. Present preparations are ready to use (Cordis 
Endovascular, Boston Scientific, Cathnet) (Fig. 14.50). 

Immediately before use, the sterile water is decanted and the particles 
are resuspended in full-strength iodinated contrast material (even with 
digital subtraction angiography). This results in a homogeneous uniform 
suspension, which can easily be injected. 

The microparticles of PVA can be injected in various ways depending 
on the objectives. These particles (as others with irregular margins) may 
or may not enter the abnormal angioarchitecture of a vascular lesion. 
Factors that will affect the final position include superselectivity, force of 
injection, concentration of particles per milliliter of contrast material, 
and the presence or size of a capillary barrier. 

Quisling et al. (1984) showed that the irregular surface of precut PVA 
has a high coefficient of friction, which allows the particles to stop against 
the vessel wall without completely occluding it. 
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Fig. 14.50A-C. PVA suspen- 
sion. A PVA microparticles lay- 
ered in the bottom of the bottle 
after blending, filtration, resus- 
pension, and sterilization. 

B After decanting the sterile 
water, the microparticles are 
resuspended in contrast mate- 
rial. After a moment’s shaking, 
a relatively homogeneous 
suspension is obtained. (From 
Berenstein and Graeb 1982, 
with permission). C Dry com- 
pressed PVA discs ( small ar- 
rows) can be seen to expand 
after rewetting ( large arrows). 
(From Berenstein and Kricheff 
1979c, with permission) 




This irregular partial occlusion may stagnate blood, producing a com- 
bination of PVA and autologous clot that will eventually recanalize 
(Fig. 14.51), producing re-endothelialization of the unabsorbed PVA. The 
dilute concentrations of PVA microparticles are useful with small ID 
catheters and are best in the embolization of lesions with an arteriocapil- 
lary barrier (Berenstein 1980a). We start the embolization with a relative- 
ly low concentration of microparticles for a deeper penetration. As the 
smaller vessels are occluded, we change to a more concentrated suspen- 
sion or a larger size to pack the larger vessels with embolic material. One 
must be familiar with the capacity of the delivery system to avoid clogging 
the catheter. If the lumen of the delivery device is occluded, one uses a 
1-ml syringe with nonopaque material (normal saline) and gently pushes 
the aggregated particles producing the plug. As a general rule, if one is un- 
able to easily and smoothly unplug the delivery system, it is best to 
exchange it. The guidewire should not be used to attempt to unplug the 
lumen, as it usually worsens the problem by impacting the emboli even 
further. 

Although PVA particles are not reabsorbed (Tadavarthy 1977; Latchaw 
and Gold 1979), in follow-up of some of our patients, where an apparent- 
ly excellent embolization was achieved, they sometimes later resulted in 
complete irregular recanalization (Fig. 14.51). Therefore, we feel that the 
best indication for PVA is for preoperative devascularization of tumors, 
epistaxis, few vascular malformations, and flow rerouting, in preparation 
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Fig. 14.51A-C. Legend see p. 977 
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◄ Fig. 14.51A-C. Recanalization of nonbiodegradable embolic agents. A Diagrammat- 
ic representation of the various embolic agents (3) and the recanalization (4) of the 
autologous clot (2) with re-endothelial lining of the embolic agents. Although the 
material is not biodegradable, the vessel and territory are revascularized (1) vessel 
wall. B Lateral subtraction angiogram of the facial artery which has recanalized after 
PVA embolization. Note the filling defects of the endothelial-covered PVA particles 
( arrowheads ). C Lateral subtraction angiogram in a 24-year-old patient with a capil- 
lary vascular malformation that was previously embolized with silicone spheres in 
the internal maxillary and transverse facial arteries. Note the contrast material sur- 
rounding the subtracted radiopaque spheres ( arrowheads ). See Fig. 14.52 



for liquid embolics or ethanol injection. In our experience, even after 
dense packing, PVA may recanalyzed. We infer from these observations 
that a similar recanalization can occur with any other particles. Interest- 
ingly, hydrogel-based spheres are of uniform size with smooth borders 
and are not adhesive or reactive. The recanalization that we have observed 
in silicon sphere embolization suggests a similar phenomenon where the 
endothelial lining covering the spheres and the vessel are being opened 
above and below (Fig. 14.51). Recanalization has been seen with the de- 
tachable balloon, deflated prematurely (Fig. 14.52) and silicon spheres 
(Fig. 14.51B). We have observed similar occurrences in acrylic emboliza- 
tion of BAVMs. 

Polyvinyl Alcohol Foam and Ethanol Combination. The combination of 
PVA and ethanol is used as an enhancement to the mechanical occlusion 
properties of the irregular PVA particles and the cytotoxic effects of high- 
concentration ethanol. The dry PVA particles are suspended in 95%-98% 
ethanol, after mixing and removing the air in the PVA particle interstices, 
so that the PVA acts as a sponge, retaining a higher concentration of alco- 
hol, to enhance its effect when in contact with the vessel wall. 

The PVA-ethanol suspension is then diluted in 60% iodinated contrast 
material prior to injection. Note that as time passes, some or all the parti- 
cles will dissolve, resulting in a liquid with a relatively high viscosity, a 
very effective embolic mixture, which must be used in small volumes at 
any one time. 

Embospheres 

Embospheres are beads of cross-linked acrylic impregnated with gelatin, 
producing spheres with elastic shape and a hydrophilic surface, which 
prevent aggregation within the catheter (Fig. 14.53). The resulting vessel 
occlusion and penetration is more predictable and uniform. The material 
is inert, it remains unchanged over time, and in a 6-year follow-up study, 
the occlusions were permanent (Biosphere Medical, Rockland, MA, USA). 
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Fig. 14.52A-D. Legend see p. 979 
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Fig. 14.53A-D. Embospheres (Biosphere Medical, Rockland, MA, USA). A Em- 
bospheres suspended in a 20-ml syringe. B Microscopic view of the uniform em- 
bospheres of various sizes. C Electromicroscopy of the surface of an embosphere. 
D Six-year follow-up histological examination shows complete mechanical occlusion 
of this inert material, with no inflammatory response. The material remains un- 
changed over time 



◄ Fig. 14.52A-D. Recanalization from a prematurely deflated balloon. A Lateral sub- 
traction angiogram of the common carotid artery demonstrates an internal carotid 
artery (ICA) cavernous sinus aneurysm ( curved arrow). B Immediate postemboliza- 
tion common carotid artery study demonstrates a detached balloon approximately 

2 cm distal to the origin of the ICA ( open arrowhead); a second balloon is in the cav- 
ernous segment of the ICA (arrow). C Lateral and D frontal subtraction angiograms 

3 months later demonstrate an area of narrowing where the previous proximal bal- 
loon was placed (open arrowhead). Two separate channels had recanalized (arrows). 
In the cavernous ICA, the recanalized lumen corresponds to the angiographic dome 
of the aneurysm (curved arrow). The ICA then acquires its normal caliber at the lev- 
el of the ophthalmic artery (arrowhead) 







980 14 Technical Aspects of Surgical Neuroangiography 



74.7. 1.3 Flow-Directed Particle Embolization 
Coils 

Gianturco Coils. Gianturco coils (Cock, Indianapolis, IN, USA) were the 
first coils introduced as embolic clips. Embolic coils are small pieces of 
guidewire with the inner core removed; a foreign body such as cotton or 
Dacron is added to promote thrombosis. They have very little use in head 
and neck embolization and may even be contraindicated if used as the 
main agent to obtain devascularization. In our experience, coils frequent- 
ly do not produce thrombosis and become an obstacle to reaching the 
pathological territory with other agents. Their main uses are to protect a 
normal vessel or anastomosis (see Sect. 14.11; Fig. 14.123). They are easily 
introduced with the assistance of a conventional guidewire or a coil push- 
er (Cordis Endovascular; Target, Boston Scientific; Cook, Inc.) (Graves et 
al. 1989; Hilal et al. 1988) and can be made at various gauges and lengths. 
In our experience in the head and neck, very small coils, no more than 
1 cm in length with a 0.90-mm diameter or smaller, are usually best. 

Smaller sizes are used for microcatheters (0.010-in. and 0.016-in.) and 
come in multiple sizes, are straight, curved, or elliptical, and come in com- 
plex shapes, for closing vessels larger than the ID of the catheter. Fiber 
threads may be incorporated into the coil, to promote thrombogenicity 
(Figs. 14.54, 14.71). 

Additional indications for coil embolizations involve the transvenous 
approach, for example, in dural AVMs (Halbach etal. 1989) (Fig. 14.55). We 
have used them in combination with transarterial acrylic embolization 
(Fig. 14.56, pp. 986-991), although we rarely use them in this indication. 
Coils may be useful as a mechanical buffer to retain more thrombogenic 
agents such as acrylic and reduce the chances of distal migration (Beren- 
stein et al. 1990) (Fig. 14.57, pp. 991, 992). 

Fiber Coils. Fiber threads may be incorporated in to the coil to promote 
thrombogenicity (Fig. 14.54B). In addition, fewer fiber coils would be 
needed to achieve vessel occlusion, as compared with bare platinum coils. 
When pushed, the fibers increase friction slightly [also see Vortex, a fiber 
coil with a Guglielmi detachable coil (GDC) electric detachment (Target, 
Boston Scientific)]. 

Liquid Coils. So-called liquid coils are very supple injectable coils that will 
conform better to the container. They will therefore pack denser at the 
desired location. Liquid coils can easily injected through conventional 
microcatheters and can also be injected through flow-guided micro catheters. 
They come in two diameters: 0.016 in. for 0.018-in. microcatheters and 
0.08 in. for 0.014-in. and 0.010-in. microcatheters. The 10 coil is recommend- 
ed in all flow-guided micro catheters down to the 1.5-F (Fig. 14.58, p. 993). 

They can be used for various needs: to act as a buffer during the closure 
of a high-flow fistula or to prevent other embolics from migrating to the 
venous side (Fig. 14.59, pp. 993). They can be used to redistribute flow in 
a territory, to protect a normal area from being permeated by other em- 
bolic materials such as acrylic, and prevent distal embolization with po- 
tential tissue damage (Fig. 14.60, pp. 994, 995). Liquid coils can be used to 
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Fig. 14.54A, B. Microcoils for 
cerebral embolization at pres- 
ent are made of a very soft 
platinum wire and come in 
0.015-in. (0.36-mm) and 
0.010-in. (0.25-mm) gauges and 
in a multitude of lengths. 

A Various coils: F, flower; 

T, Target coil; 5, Hilal 5 -mm 
fiber coil; 3, Hilal 3-mm fiber 
coil. B Target Therapeutics 
platinum fiber coils of various 
configurations, elliptical to 
straight, (also see Fig. 14.63, 
GDC; Fig. 14.71, Vortex; 

Fig. 14.73, Microus; Fig. 14.74, 
Cook; Fig. 14.75, Cordis; 

Fig. 14.76, Microvention) 




supplement the packing and enhance thrombogenicity of larger vascular 
compartments, for example, in the obliteration of a vein or sinus in dural 
arteriovenous shunt (DAVS) (Fig. 14.61, pp. 996, 997). 

Detachable Coils. Coils that can be detached at will and can be reposi- 
tioned, retrieved, or changed, a great advantage if the coil is not at the de- 
sired position or not of the optimal size prior to detachment. These de- 
vices address many of the mechanical problems of treating aneurysms via 
an endovascular route and at present are the treatment of choice in a great 
majority of patients with various types of aneurysms, certain AVFs, vessel 
occlusion, and in the transvenous approach to some DAVSs. 

The original detachable coil design requires a ratio between the neck 
and the dome of the aneurysm that will allow the coil to remain in the sac 
of the aneurysm. Proper coil size is one that is large enough and long 
enough to allow the coil to brake and remain stable within the aneurysm, 
creating a scaffold or frame for additional coiling (Fig. 14.62, p. 998). 

For aneurysms with a broad neck or with a poor neck-to-dome ratio, 
the addition of two-dimensional (2-D) and three-dimensional (3-D) coil 
configurations (Target, Boston Scientific; Cordis Endovascular, Micrus 
Corporation, Mountain View, CA, USA), balloon remodeling, and neck 
bridges are useful. 
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Fig. 14.55A-F. Legend see p. 983 
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◄ Fig. 14.55A-S. Dural arteriovenous malformation treated with coils by a transve- 
nous approach. A Frontal digital subtraction angiogram (DSA) of the right vertebral 
artery demonstrates the supply thorough the cerebellar falcine artery and C3 
meningeal branches supplying the left dural vascular malformation of the junction 
between transverse and sigmoid sinus. B Frontal DSA of the left common carotid 
artery shows the supply across the midline from the external carotid artery via the 
occipital and ascending pharyngeal arteries. C Frontal DSA of the left common 
carotid artery. D Frontal DSA of the left internal carotid artery showing the basal 
tentorial C5 supply. E Lateral DSA of the left common carotid artery early phase. 
F Lateral DSA of the occipital artery injection, early phase. G Lateral DSA of the left 
internal carotid artery showing the C5 basal tentorial supply. The areas of fistuliza- 
tion are in the transverse-sigmoid junction. H Lateral and I frontal road map images 
of the left internal carotid artery demonstrating the C5 entrance to the fistula site and 
the entrance of the vein of Labbe. J Lateral road map image showing the tip of the mi- 
crocatheter ( small arrow) at the fistula site and the coaxial catheter at the jugular vein 
( large arrow). K-S see pp. 984, 985 



JlV- 
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Fig. 14.55K-0. Legend see p. 985 
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◄ Fig. 14.55 ( continued ). K Frontal DSA showing contrast injection at the fistula site. 
L Lateral and M frontal road map images showing the placement of the coils at the fis- 
tula site. N Frontal DSA of the left common carotid artery after treatment shows no 
filling of the malformation. O Frontal DSA of the left external carotid artery shows no 
supply to the malformation. P Frontal DSA of the left common carotid artery, late 
phase, shows the venous drainage of the brain and exclusion of the segment of the left 
transverse sigmoid sinus on the left and preservation of the vein of Labbe; compare 
with I ( curved arrow). Q Frontal DSA of the right vertebral artery in early and R late 
phase confirmed the total regression of the supply to the dural shunt and the total oc- 
clusion. S Lateral DSA of the left common carotid artery after treatment shows the re- 
gression of all the external carotid artery supply, confirming the total obliteration 
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Fig. 14.56A-U. Microcoils used in the management of a vein of Galen aneurysmal 
malformation by the transvenous and transarterial approach in combination with 
NBCA. A Lateral and B frontal digital subtraction angiogram (DSA) examinations of 
the right internal carotid artery demonstrate the choroidal branch of the anterior 
cerebral artery ( curved arrows) entering a choroidal fissure vein (large curved arrows). 
Additional supply is seen from a posterior medial choroidal artery entering another 
fistulization ( small curved arrow). C Lasjaunias 4-F catheter (nontapered tip) intro- 
duced through the femoral vein up to the falcine sinus ( large arrows) and coaxial in- 
troduction of a Tracker 18 ( small arrows), obtaining superselective catheterization of 
the posterior medial choroidal artery on the right (arrow). Contrast material injec- 
tion demonstrates in a retrograde manner two sites of fistulization (arrowheads). 
Compare with A. D Later phase of the same injection. The tip of the microcatheter 
(arrow) shows retrograde flow to a second choroidal artery (curved arrow) filling 
multiple normal branches. E-U see pp. 987-991 
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Fig. 14.56 ( continued ). E DSA image of the progressive deposition of a 3-mm Hilal 
coil ( arrowhead ), which exits the tip of the microcatheter (arrow). F A second coil 
( double arrowheads) is still within the catheter shaft. The coils can be advanced with 
a coil pusher (Target Therapeutics) or more progressive injections of saline can be 
used, whichever is more stable. G Four 5-mm and two 3-mm coils have been extrud- 
ed ( arrowheads ). Contrast material injection demonstrates considerable slowing of 
flow and two additional fistulizations ( arrows ) entering a fissure vein (curved arrow). 
H Retrograde injection of NBCA to seal off this fistulization (small arrows) around 
the microcoils (arrowheads). I-U see pp. 988-991 
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Fig. 14.56 ( continued ). I Frontal and J lateral DSA examinations of the right vertebral 
artery after embolization by the venous approach, demonstrating a right-side medi- 
al choroidal artery supply with two pedicles ( large curved and small curved arrow). 
Note the previous coils on the right side ( arrowhead ). K Frontal and L lateral DSA ex- 
aminations of the superselective injection of the left posterior medial choroidal ar- 
tery (compare with I and J). Note the larger ( large curved arrow) and smaller ( small 
curved arrow) fistulizations with significant flow. M-U see pp. 989-991 
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Fig. 14.56 ( continued ). M DSA image of the NBCA cast obtained after a transarteri- 
al coil ( arrowhead ) was extruded to slow down the flow prior to the NBCA injection. 
Note the NBCA deposition into the two fistulizations and entering the aneurysmal 
vein (*). N Lateral DSA of the superselective injection of the anterior cerebral artery 
in the same patient demonstrates the choroidal branch of the anterior cerebral artery 
reaching the fistula (curved arrow) and a normal branch to the singular gyrus (small 
arrows). The microcatheter tip (long arrow) could not negotiate the curve toward the 
choroidal branch. 0 Plain film of the skull, which demonstrates a straight Hilal mi- 
crocoil in the proximal aspect of the normal anterior cerebral artery branch for pro- 
tection (double small arrows). Two 3-mm curved coils are sealing the pericallosal 
supply (no acrylic was used because the coils produced proximal occlusion). Note the 
coils on the right choroidal side (small arrowheads), with the acrylic (small arrows 
and compare to H) and the embolization of the medial choroidal artery on the left 
(compare to L and M). There is acrylic on the venous side (*). P Frontal DSA of the 
right vertebral artery after embolization demonstrates almost complete obliteration 
of the malformation. There is minimal supply from a medial choroidal artery on the 
left (long small arrow) as it enters the fistulization (long arrow). Q-U see p. 990, 991 
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Fig. 14.56 ( continued ). Q Lateral DSA of the right internal carotid artery in late phase 
after embolization. Note the occlusion of the pericallosal artery supply and no filling 
of the malformation. R Follow-up MRI 3 weeks later shows complete thrombosis of 
the aneurysmal vein (V) and falcine sinus ( curved arrow). The thrombosed vein dis- 
appeared, as shown on a 1-year follow up MRI (S). T-U see p. 991 
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Fig. 14.56 ( continued ). The 
child was normal at 5 years 
of age (T)and at 12 years of 
age (U) 








Fig. 14.57A-I. Coils and glue combination. High-flow fistula from the posterior in- 
ferior cerebellar artery toward an aneurysmally dilated lateral pontomesencephalic 
venous system. A Frontal early phase. B Later phase, frontal view. C Lateral view, mid- 
arterial phase demonstrates a high-flow fistula from the posterior inferior cerebellar 
artery to an aneurysmally dilated lateral pontomesencephalic vein that then drained 
through the tentorium (anatomical restriction) into the deep venous system. D Lat- 
eral road map with the first coil frame placed within the aneurysmal sac. E Interme- 
diate angiogram after several coils had been placed as a buffer prior to glue em- 
bolization, which decreases the chances for distal migration of the acrylic. F Last im- 
age hold after NBCA deposition as the radiopaque material is trapped within the 
dense coil mesh (arrows). G Frontal, H lateral arterial phase, and I late phase of 
the same injection after embolization angiogram shows the total obliteration of the 
lesion. D-I see p. 992 
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Fig. 14.57D-I. Legend see p. 991 
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Fig. 14.58A, B. Berenstein liq- 
uid coil (BLC; Target, Boston 
Scientific) A Close-up view of 
the distal segment of the liquid 
coil. This shape prevents distal 
migration of the coil. B Detach- 
able variation (ultrasoft) with a 
GDC segment (arrow) 






Fig. 14.59A-D. Berenstein liquid coil prior to acrylic embolization of a high-flow fis- 
tula within the nidus of a brain arteriovenous malformation (AVM). A Lateral digital 
subtraction angiogram of the left internal carotid artery in a posterior temporal arte- 
riovenous malformation. B Superselective injection of the main pedicle supplying the 
malformation in a fistula fashion. C Last image hold from a road map demonstrating 
two liquid coils at the entrance of the fistula (arrows). D Last image hold after NBCA 
deposition. Note the ability of the coils to trap the glue, preventing distal migration. 
Also note movement of the lower coil by the glue cast (curved arrow) 
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Fig. 14.60A-G. Legend see p. 995 
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◄ Fig. 14.60A-J. Use of Berenstein liquid coils (BLC) in distal cerebral embolization at 
the cortex level. There must be collateral circulation at the distal territory to prevent 
complications. A Lateral digital subtraction angiogram (DSA) of the right internal 
carotid artery demonstrates an arteriovenous malformation close to the motor area. 
B, C Mid and late DSA studies of the superselective injection in the posterior branch 
supplying the malformation in an indirect fashion with supply en passage anteriorly. 
Note the gyral anastomosis through a long anastomotic artery of Duvernua ( small 
arrows), which anastomosed to the normal territory. D, E Cone-down views of the in- 
jection of two liquid coils to protect the distal normal territory. F Superselective in- 
jection following the two BLC deployments demonstrates the filling of the malfor- 
mation, with no filling of the more distal normal territory. G Last image hold from 
the road map demonstrating the cast of the injection of NBCA ( curved arrow). H In- 
termediate lateral DSA run demonstrating devascularization of the upper portion of 
the malformation (compare to A). I After additional NBCA injection note the preser- 
vation of the normal arterial system and devascularization of nidus (compare to A). 
J Lateral DSA after surgical excision of the residual malformation 
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Fig. 14.61A-J. Dural arteriovenous malformation of the cavernous sinus treated by 
transvenous approach. A Lateral digital subtraction angiogram (DSA) of the distal 
right external carotid artery lateral view demonstrates the petrosal branch of the 
middle meningeal artery reaching the dural shunt. B Lateral DSA of the left common 
carotid artery in lateral view and C in frontal view demonstrates the transclival sup- 
ply to the dural shunt in the right cavernous sinus region. Note the outflow restric- 
tion and impaired drainage of the shunt. D-G Sequential road map images of the 
transvenous approach. Note the progressive ability to mechanically recanalize the 
nonopacified inferior petrosal sinus using a catheter-guidewire technique (arrow in 
D points to the J wire as the leader in reanalyzing the occluded sinus). E The tip of the 
microcatheter reaches the posterior cavernous sinus (arrow). F Road map injection 
of the left internal carotid artery showing the stagnation of contrast in the posterior 
cavernous sinus and the microcatheter reaching that location. G-J see p. 997 
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Fig. 14.61 ( continued ). G Contrast material injection through the microcatheter, con- 
firming its location in the venous sac. H First coil framing the cavernous sinus com- 
partment. I DSA lateral view of the common carotid artery in mid-arterial phase and 
J late venous phase after embolization show total obliteration of the shunt 
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Fig. 14.62A-D. Hypophysial aneurysm. A Right internal carotid artery injection in 
the working projection demonstrates a superior hypophyseal-level aneurysm in the 
right internal carotid artery. B Plain film of the skull shows the coil break or frame of 
the first coil. C Postembolization angiogram shows total obliteration of the aneurysm. 
D One-year follow-up shows the persistence of the total obliteration. Good neck-to- 
aneurysm ratios are ideal for Guglielmi detachable coils (GDC), where the small neck 
allows healing with long-term efficacy 



Guglielmi Detachable Electrolytic Coils 

Guglielmi (1991) introduced a platinum detachable coil: the Guglielmi 
detachable coil (GDC; Target, Boston Scientific) (Figs. 14.62 and 14.63). 
Monopolar electrical current activates detachment. At a current of 1 mV, 
electrolysis occurs at the junction between the platinum coil and the 
stainless steel mandrill of the guidewire, thereby detaching the coil, usu- 
ally in less than 1 min (Fig. 14.64) (Synergy, Boston Scientific). 

The distal tip of the coil becomes positively charged, in contrast to the 
cellular elements of blood and the vascular endothelium, which are nega- 
tively charged. As the coil is activated, there is a mild attraction of the neg- 
atively charged cellular elements. 
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Fig. 14.63. Guglielmi detach- 
able coil (GDC). Example of the 
multiple sizes and lengths of 
the helical 0.010-in. coils. There 
are also multiple sizes and 
lengths in the larger gauge 
0.018-in. GDCs (not shown) 



2x4 2x8 



6 

3x4 



lo 



3x6 3x8 



8x30 



3x12 C®T 



Mg) 8x20 



GDC-10 



t® 



8x10 



4x10 CP" 



WtMMM 



7x30 



7x10 



6x20 



6x10 



5x10 



®r 



5x15 




Fig. 14.64A-C. GDC detachment mechanism. A Power box. B Helical coil. The de- 
tachment zone is the transition between the stainless steel delivery mandril and the 
platinum coil. C Close-up of the detachment zone 
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Fig. 14.65A-D. Three-dimensional coils. A GDC (Target, Boston Scientific). This de- 
sign has an omega configuration, with one loop larger, followed by a smaller loop of 
coil. B Cordis 3-D endovascular coil. C Micros (Micrus Corporation) coil. D Glass 
model illustrating 3-D framing of a glass model aneurysm with the omega design 
(Target, Boston) 



They come in a variety of sizes, lengths (Fig. 14.63), and shape memo- 
ries (Figs. 14.65, 1.68). 

For the most part, we start with the 3-D shape memory coil, as the 
framing or scaffold (Fig. 14.66). We usually take the maximum diameter of 
the aneurysm as the guideline, or we may even oversize it by 1 mm, most- 
ly in unruptured cases, whereas in the acute phase following SAH, we may 
undersize the first coil, mostly if there is a good neck-to-dome ratio. In 
general, in acute cases we have preferred the 0.010-in. coils, which are soft- 
er and less traumatic. It is important to try to match the delivery micro- 
catheter ID to the coil gauge; unraveling or stretching is more likely if 
the ID is to large. Most currently available 14-F catheters are able to de- 
liver 0.016-in. (18 coils) and 0.010-in. coils. We also favor the stretch 
resistance regular, soft, and ultrasoft 10 coils (Fig. 14.67) (Target, Boston 
Scientific). 

Stretch-resistant coils incorporate a monofilament polypropylene su- 
ture material, which prevents coil unraveling (Fig. 14. 67). 

In some cases of wide neck aneurysms, the 3-D lead coil continues to 
protrude outwards. A 2-D coil (Fig. 14.68, p. 1003) may stay more reliably 
in the aneurysm, as the small size of the first revolution makes it remain 
inside the aneurysm sac until the coil breaks and becomes stable, fixed 
within the aneurysm to best frame the aneurysm sac. 

In large lesions, we would favor the use of an 18 catheter or a 14 micro- 
catheter that accepts 18 coils (0.016-in. true diameter), and start with 18 
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Fig. 14.66A-E. Three-dimensional coil to frame an aneurysm. A Lateral digital sub- 
traction angiogram (DSA) of the right internal carotid artery showing an aneurysm 
at the level of the trigeminal artery with the posterior inferior cerebellar artery com- 
ing at the base of the aneurysm (arrow). B-D Progressive obliteration of the 
aneurysm. B The first 3-D GDC coil formed an excellent frame of the sac of the 
aneurysm, preserving the origin of the trigeminal artery. C, D Filling of the inter- 
stices of the 3-D coil. E Final angiogram after total endovascular obliteration of the 
aneurysm. Note the excellent framing and packing of the sac of the aneurysm with a 
combination of 3-D coils, soft coils, and ultrasoft coils 
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Fig. 14.67A, B. Stretch-resistant 
GDC 10 ultrasoft coil (Target, 
Boston Scientific). A Ultrasoft 
coil. B Diagram of the coil with 
the polypropylene suture to 
prevent coil unraveling 



coil in cases of unruptured AAs larger than 8 mm, to constitute a primary 
net, secondarily completed if necessary with 18 soft, 10, stretch-resistant 
soft, or ultrasoft, or a combination of the above, depending on the indi- 
vidual set of circumstances (size, space available, catheter tip position, 
etc.). We may use more than one 3-D coil, but in most cases this is not 
needed. The packing then can be done with a variety of coils, continuing 
with the regular coils, and then switching to the softer coils such as the 
soft and more recently the ultrasoft coil (Fig. 14.69) platinum alloy. The 
softer coils make it possible to improve the coil density. Soft and ultrasoft 
coils have also been very helpful toward the end of coiling, to not only in- 
crease packing, but also to close small neck remnants (Fig. 14.70). It is the 
author’s experience that we should aim for packing as dense as possible; 
however, overpacking increases the risk of the procedure and has not 
proven to be better (see Chap. 7, this volume). 

When the GDC system is used for vessel occlusion, AVF closure, or ve- 
nous occlusion, the Vortex GDC (Target, Boston Scientific) is a very useful 
coil (Fig. 14.71). One should be aware that there is more friction in its ad- 
vancement through the catheter. 

The ultrasoft stretch-resistant coils can also be used toward the end of 
a deconstructive procedure, where the occlusion must be very precise, and 
one must avoid proximal herniation of the occlusive device (Fig. 14.72, 
pp. 1005-1010). 
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Fig. 14.68. Two-dimensional 
GDC. A Two-dimensional coil. 
B Note the first loop that is of 
a smaller diameter (arrow) 




Fig. 14.69A-C. Variable-soft- 
ness coils in the GDC family. 

A Regular 18 coil. B Soft 18 coil. 
C Ultrasoft 10. Note the in- 
creased softness of the different 
coils 




A 
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Fig. 14.70A-D. Recurrent 
paraophthalmic aneurysm. 

A Recurrent paraophthalmic 
aneurysm after compaction. 

B, C Note the ability of the ul- 
trasoft coils to deal with the 
neck by filling the neck from a 
distal to a proximal position 
with the final angiogram (D) 
showing a near total oblitera- 
tion 




Fig. 14.71. GDC Vortex (Target, 
Boston Scientific). Close-up 
view of a detachable GDC 
to which fiber coils have been 
added to increase thrombo- 
genicity 
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Fig. 14.72A-W. Combination coil in the deconstructive occlusion and functional 
investigation of the lower basilar artery. A Sagittal MRI demonstrates a giant basilar 
aneurysm. Note the flow disturbance of the lesion ( white arrowhead). B Frontal dig- 
ital subtraction angiogram (DSA), early phase. The lesion starts distal to the anteri- 
or inferior cerebellar artery (AICA, arrow). C Lateral DSA of the left vertebral artery. 
D Lateral DSA of the right internal carotid artery (ICA). There is no filling of the pos- 
terior communicating artery. E-W see pp. 1006-1010 
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Fig. 14.72 ( continued ). E Frontal and F lateral DSA of the left ICA. There is a good 
posterior communicating artery that fills the distal portion of the aneurysm (arrow). 
Note that the lesion extends up to the basilar artery proximal to the superior cere- 
bellar arteries (SCA). G Road map image of the left vertebral artery (LTVA) lateral 
projection with the position of a detachable balloon (curved arrow). H Right verte- 
bral artery (RTVA) injection prior to detachment. I-W see pp. 1007-1010 
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Fig. 14.72 ( continued ). I Left common carotid artery (CCA) DSA with balloon oc- 
clusion of the LTVA. There is minimal filling of the aneurysm. J Road map image 
of the RTVA to show the position of a temporary balloon occluding of the RTVA 
(arrow). The LTVA has been permanently occluded. K Lateral mid-arterial phase 
of the left CCA while the RTVA is temporarily occluded and after permanent occlu- 
sion of the LTVA. Note the significant filling of the aneurysm ( open curved arrow). 
L-W see pp. 1008-1010 
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Fig. 14.72L-Q. 

Legend see p. 1009 






Flow-Directed Particle Embolization 1009 





◄ Fig. 14.72 ( continued ). L RTVA 3 weeks later; the aneurysm had increased in size. 
M Coiling of the lesion. Because of its large size, first the distal outflow is coiled. 
N, 0 RTVA angiogram. There is still filling of the distal basilar artery (0). Note the 
remaining interstices filled with contrast material. P Filling of the interstices with 
ultrasoft coils (arrow) avoids displacing the microcatheter backward. Q Coil mass at 
the end. Final angiograms. R Lateral and S, T frontal DSA of the RTVA fills up to the 
AICAs and both PICAs, with no filling of the aneurysm. U-W see p. 1010 




1010 14 Technical Aspects of Surgical Neuroangiography 




Fig. 14.72 ( continued ). 

U-W The left ICA fills the up- 
per basilar artery, with no fill- 
ing of the aneurysm 




Micrus Coils 

Micrus coils (Micrus Corporation, Mountain View, CA, USA) are also 
made of platinum alloy, similar to the GDCs. They differ in the detachment 
mechanism, which is immediate; detachment is accomplished by electric 
melting of the junction between the guiding mandrill and the platinum 
coil. Their 3-D model has more of a box or square shape memory 
(Fig. 14.65C), which can have certain advantages in broad neck aneurysms 
(Fig. 14.73). 
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Fig. 14.73A-F. Micros (Micrus Corporation) 3-D coil in a broad neck aneurysm. Pos- 
terior inferior cerebellar artery aneurysm (PICA) in the proximal segment of the ves- 
sel feeding a high-flow arteriovenous malformation. Note the broad neck of the 
aneurysm. A Three-dimensional image of the right vertebral artery (RTVA). B Digi- 
tal subtraction angiogram (DSA) of the RTVA, early phase. C Three-dimensional Mi- 
cros coil frame. D Angiogram after the first coil frame. E Filling of the interstices with 
conventional GDCs. F Following the occlusion of the aneurysm prior to catheteriza- 
tion of the distal PICA 
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Cook Detachable Coils 

Cook detachable coils, also made of platinum, are very similar to the oth- 
ers, except for the detachment mechanism, which is mechanical, requiring 
a counterclockwise rotation movement (Fig. 14.74) (Cook, Inc., Bloom- 
ington, IN, USA). 

Cordis Coils 

Cordis coils are also made out of platinum and are similar, except for the de- 
tachment mechanism, which uses hydraulic pressure (Figs. 14.65B, 14.75). 

Hydrocoil 

Microvention (Aliso Viejo, CA) has introduced an innovative concept 
of incorporating expandable hydrophilic hydrogel into a platinum coil 
(Fig. 14.76). A preliminary frame or scaffold of the aneurysm is achieved 
with a Microplex coil (Fig. 14.761, K). This platinum coil design is used as 
the first coil to act as a scaffold at the neck of the aneurysm to prevent the 
hydrogel from protruding into the parent vessel lumen. The coil loops are 
positioned in the periphery of the aneurysm in all planes (Fig. 14.76K). 

Microplex coils come in a single-diameter loop complex best suited for 
wide-neck aneurysms and a double-diameter loop complex for small- 
neck aneurysms. The hydrogel is incorporated into the platinum coil, with 
a core (0.008-in. diameter) or with gel coating (0.009-in. diameter.) The 
Overcoil design (0.00125-in. platinum wire diameter) results in a 0.014-in. 
outer diameter profile device. The hydrogel polymer expands in the pres- 
ence of blood to a diameter of 0.027 in. Early experience suggest a very 
good 6 month occlusion rate (personal experience). 

Bioabsorbable Polymeric GDC Coils 

Bioabsorbable polymeric GDC coils (BPM/GDC; Target, Boston Scientific) 
were introduced by Murayama,Vinuela, and co-workers in 2001 (Fig. 14.77), 
and the first patients were enrolled in the summer of 2002. Clinical expe- 
rience is therefore limited, but promising (Fig. 14.77F-K). 

The goal of these new-generation devices is to obtain a more rapid and 
controlled wound healing or scar at the site of repair, both at the aneu- 
rysm neck and in its interstices and dome. To achieve this tissue engi- 
neering, they introduced polyglycolic/poly-L-lactic acid copolymer to 
form the bioabsorbable polymeric material (BPM). The copolymer is 
heated and affixed to the core platinum frame. The percentage of BPM is 
one of the more interesting aspects of this emerging technology, as it may 
have various expressions of inflammation. It is the reabsorption of the su- 
ture that results in scarring. The obvious advantage of such tissue re- 
sponse is that it will result in a more stable treatment, overcoming the cur- 
rent shortcomings of all platinum coils, namely compaction and recanal- 
ization of the aneurysm. In addition, the improved healing may increase 
safety, as dense coil packing may not be needed, at least on side-wall le- 
sions. In higher shear stress conditions such as terminal or bifurcation 
aneurysms, more support may be needed before the healing effect can be 
fully expressed (Bavinzski et al. 1998a). 
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Fig. 14.74A, B. Cook coils 
(Cook, Inc., Bloomington, IN). 
A Assembly system with the 
detachment mechanism (DLD) 
that requires 11-18 counter- 
clockwise turns of the adapter 
to detach the coil. B J tip and 
helical Cook platinum coils 




Fig. 14.75. Cordis Endovascu- 
lar detachable coil. Hydraulic 
detachable assembly. The coil is 
detached by hydraulic pressure 
with the saline-filled syringe 
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Fig. 14.76A-M. Hydrocoil (Microvention Aliso, Viejo, CA). A The hydrogel is incor- 
porated into the platinum coil. Platinum coil core (0.008-in. diameter) with gel coat- 
ing (0.009-in. diameter). The Overcoil design (0.00125-in. platinum wire diameter) 
results in a 0.014-in. outer diameter profile device. The Hydrogel polymer expands in 
the presence of blood to a diameter of 0.027 in. (0.069 mm). B Gross specimen of an 
experimental sidewall canine aneurysm model treated with Hydrocoil. Note the 
ratio of hydrated gel to platinum. C Macroscopic view of the aneurysm neck. D Mi- 
croscopic specimen. There is re-endothelialization with organized healing at the lu- 
men site ( curved arrow). E Higher magnification of D, the arrows point to the coils. 
F-M see pp. 1015, 1016 
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Fig. 14.76 ( continued ). F Hydrolink detachment mechanism. G Flushing 1-ml (blue) 
syringe and 0.25-ml detaching syringe utilizes hydraulic force to detach the coil. 
H Conventional helical platinum coil. I Microplex coil. This platinum coil design is 
used as the first coil to act as a scaffold at the neck of the aneurysm, to prevent hy- 
drogel from protruding into the parent vessel lumen. The coil loops are positioned in 
the periphery of the aneurysm in all planes. Microplex coils come in a one-diameter 
loop complex, best suited for wide-neck aneurysms, or a two-diameter loop complex 
for small-neck aneurysms. J-M see p. 1016 
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Fig. 14.76 ( continued ). J Lateral DSA of a paraophthalmic aneurysm. K Plain film 
showing the Microplex frame. L After five additional Hydrocoils, there is still some 
filling at the lower portion of the aneurysm. M After 20 min, as the hydrogel has ex- 
panded, there is further obliteration of the aneurysm 



Fig. 14.77A-K. Bioabsorbable Polymeric GDC Coils (BPM/GDC). Matrix (Target, ► 
Boston Scientific). Canine sidewall aneurysm model comparing A bare platinum 
coils, partial neointima formation at the neck. Note a thin proteinaceous material 
makes it possible to see the platinum coils. B Matrix coil. C Gross specimen after Ma- 
trix demonstrates a thicker scarring. D Histological examination after bare platinum 
only demonstrates a thin tissue cover over the coils. E Histological examination after 
Matrix embolization shows a thick layer of organized connective tissue covering the 
neck of the aneurysm (arrow). (Courtesy of Y. Murayama and F. Vinuela). F-H Basi- 
lar artery fenestration aneurysm. I-K see p. 1018 
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Fig. 14.77A-H. 

Legend see p. 1016 
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Fig. 14.77 ( continued ). I Coil cast. Note a relatively low-density platinum, with some 
of the interstices filled with the copolymer. J Frontal and K lateral postembolization 
digital subtraction angiograms show a small dog ear, but no filling of the aneurysm. 
Note that some of the nonopaque interstices are filled with the copolymer 
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Fig. 14.78A, B. Radioactive detachable coil. A Close-up of the coil implanted with 
0.13 pCi/cm of 32 P. B Macroscopic specimen of a canine bifurcation aneurysm em- 
bolized with radioactive coils. There is a thick tissue lining the coil, representing 
fibrosis. (From Raymond et al. 2002, with permission) 



Radioactive Detachable Coils 

Local beta radiation emitted from 32 P ion-implanted platinum coils is a 
new and promising attempt to add a biological effect to the bare platinum 
coils. In a canine bifurcation aneurysm model, Raymond and co-workers 
(2001) demonstrated that endovascular brachytherapy inhibited recanal- 
ization that was routinely found 2-12 weeks after bare platinum coil oc- 
clusion of arteries in the same canine model. The efficacy of inhibition of 
recanalization was dependent on coil activities, reaching more than 85% 
when coils were implanted with 0.13 pCi/cm or more 32 P. In further ex- 
perimental studies, using various combinations of coils implanted with 
various linear activities, recanalization could be reliably inhibited as long 
as activities per volume of target arteries were 0.018 pCi/mm 3 or more. 
Experimental bifurcation aneurysms embolizedwith radioactive coils did 
not recanalize, while aneurysms treated with control coils showed re- 
canalization and recurrences at 12 weeks (Fig. 14.78). 

Their pilot study on 42 aneurysms in 39 patients has shown that it was 
feasible to reach target activities in 85% of patients. There was no compli- 
cation related to radiation after a mean follow-up period of 6 months. 

A randomized study comparing radioactive and nonradioactive em- 
bolization of aneurysms to assess if beta radiation can improve long-term 
results of endovascular treatment of aneurysms is now underway. 
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74 . 7 . 7.4 General Principles in Aneurysm Treatment 

With the various techniques currently available for endovascular aneu- 
rysm obliteration, two possibilities exist: (1) a deconstructive operation, 
in which the parent vessel is scarified and (2) a reconstructive operation, 
in which the parent vessel is preserved and the aneurysm is obliterated 
(Romodanov and Shchegelov 1982). 

Deconstructive Operation 

The deconstructive operation has been extensively used in the manage- 
ment of extradural aneurysms of the internal carotid and vertebral arter- 
ies. It may be done by proximal parent vessel occlusion or preferably by 
endovascular trapping (Berenstein et al. 1984a; Fox and Drake 1987). 

In intradural aneurysms, deconstructive procedures can be very effec- 
tive in the management of large lesions that do not have a neck. In the ma- 
jor vessels, such as the vertebrobasilar junction (VVJ) (Fig. 14.79), dysplas- 
tic aneurysms of the basilar trunk (Fig. 14.72) or serpentine, partially 
thrombosed lesions in the middle cerebral artery occur (Fig. 14.80, pp. 
1023-1026). For selected cases of dissecting aneurysms with poor lep- 
tomeningeal anastomosis, where endovascular trapping carries a high risk 
of distal ischemia, the trapping is preceded with a by-pass to the territory 
distal to the occlusion is done prior to trapping (Fig. 14.81, pp. 1027, 1028). 
Prior to sacrificing such vessels, a functional investigation consisting of a 
proper study of the potential collateral circulation (Fig. 14.72, 14.79) and 
leptomeningeal collaterals (Fig. 14.80), and when possible a tolerance test, 
are recommended. Tolerance tests in distal cerebral arteries may not be 
possible if the vessel to be tested is very small, in anatomical situations 
where an occlusive balloon may incorporate important branches or per- 
forators. In these cases, the test occlusion must be at the precise anatomi- 
cal point of the intended occlusion. 



Fig. 14.79A-I. Deconstructive operation and functional investigation for verte- ► 
brobasilar (VB) junction aneurysm. A Frontal view of the right vertebral artery 
demonstrates a VB junction aneurysm. B Lateral view of the left vertebral artery 
injection shows a hypoplastic vertebral artery. C Lateral view of the right vertebral 
artery at time of diagnosis following a subarachnoid hemorrhage. D Angiographic 
examination of the right vertebral artery in lateral projection 3 weeks after the hem- 
orrhage demonstrates a small posterior dome in the aneurysm ( arrowhead ) not 
present before (see C). E Selective injection of the occipital artery on the right side 
( curved arrows), while the vertebral artery is occluded at C4. Note filling of the ver- 
tebral artery through the C2 anastomotic pathway, which reconstitutes the vertebral 
artery and fills the aneurysm ( open arrowheads). F Right internal carotid artery in- 
jection in lateral projection. A balloon has been placed to occlude the vertebral artery 
at C2 ( double arrow). A second balloon is in the distal vertebral artery proximal to the 
origin of the posterior cerebellar artery (arrow). Note filling of the posterior com- 
municating artery ( curved arrow) and downward filling of the basilar artery (large 
curved arrow), with poor filling of the aneurysm but good opacification of the pos- 
terior inferior cerebellar arteries (arrowhead). G-I see p. 1022 
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Fig. 14.79 ( continued ). G Later phase, same injection as in F. Note stagnation in the 
aneurysm ( arrowhead ). H Plain film after detachment, demonstrating the proximal 
balloon at the level of C2 distal to the occipital anastomosis ( double arrow) and a sec- 
ond balloon in the distal vertebral artery on the right (arrow). I One month follow-up 
angiogram demonstrates the two balloons and filling of the basilar artery in a retro- 
grade manner (curved arrow), with excellent filling of the PICA and no filling of the 
aneurysm 
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Fig. 14.80A-O. Deconstructive operation in a patient with a middle cerebral artery 
giant aneurysm, functional investigation. A Coronal MRI demonstrates a giant 
aneurysm in the distribution of the middle cerebral artery with the patent lumen (a), 
a significant thrombosed area with clot formations at various stages, and a signifi- 
cantly increased signal in the white matter ( curved arrows). The patient was a 21- 
year-old female, presenting with progressively more refractory seizures. B Oblique 
and C frontal views of the right internal carotid artery demonstrate the luminal por- 
tion of the giant aneurysm filled by a main middle cerebral artery trunk (arrow). 
D Lateral view of a superselective injection at the level of the aneurysm (arrow) 
demonstrates the luminal portion of the aneurysm and the two parietal branches of 
the middle cerebral artery (arrowheads) exiting at the distal end of the aneurysm 
(curved arrow). E-0 see pp. 1024-1026 
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Fig. 14.80 (continued). E Late phase of the same injection showing the venous phase 
of the corresponding segment of the right hemisphere. F Frontal view of the supers- 
elective injection demonstrates the two branches of the middle cerebral artery exiting 
the distal portion of the dome ( arrowheads ). The long arrow points to the position of 
the microcatheter. G Mid-arterial phase and H late phase of the left vertebral artery 
injection while the middle cerebral artery trunk feeding the aneurysm is temporari- 
ly occluded with a Hieshima nondetachable balloon ( long arrow). Note filling of the 
two parietal branches of the middle cerebral artery through leptomeningeal collat- 
erals of the posterior cerebral circulation ( arrowheads ), corresponding to the same 
branches as shown in D. Note filling of the distal portion of the aneurysm (curved 
arrow, H). 1-0 see pp. 1025, 1026 
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Fig. 14.80 ( continued ). I Late venous phase of the same vertebral artery injection 
demonstrates the venous drainage of the same territory in the parieto-occipital re- 
gion (compare with E). J Frontal and K lateral views after multiple straight microcoils 
were placed in the aneurysm to seal off its outflow and act as a buffer for the cyano- 
acrylate. Note the radiopaque acrylic from the entrance of the aneurysm ( long arrow) 
to the dome ( curved arrow). L Lateral view of the common carotid artery on the right 
demonstrates no filling of the aneurysm and the large mass effect. M-0 see p. 1026 
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Fig. 14.80 ( continued ). M Late phase of the postembolization vertebral artery injec- 
tion demonstrates the retrograde filling of the two middle cerebral artery branches 
( arrowheads ) and no filling of the aneurysm. N T1 -weighted MRI prior to emboliza- 
tion. O Eight-month follow-up MRI at the same level shows the marked reduction in 
the mass of the thrombosed aneurysm and disappearance of the bright signal in the 
white matter (compare to A and N) that correlated with control of the patient’s 
seizures 
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Fig. 14.81A-K. Dissecting aneurysm. A 42-year-old man presented with severe 
headaches in 1992. A Axial MRI after intravenous contrast enhancement shows en- 
larged 2-cm aneurysm in the left middle cerebral artery distribution. B Frontal sub- 
traction angiogram of the left internal carotid artery at that time demonstrates a 
middle cerebral artery aneurysm. Note the caliber of the Ml segment. C Axial T2- 
weighted MRI in July 1993 following an acute event, which manifested itself by right- 
side hemiplegia and aphasia. MRI demonstrates significant edema. No evidence of 
hemorrhage, suggesting an ischemic etiology of the neurological deficits. D Frontal 
subtraction angiogram at the same time demonstrates a long segment of decreased 
caliber of the accessory middle cerebral artery compatible with a dissection involv- 
ing the lenticulostriate arterial territory. E T1 -weighted MRI 2 months later shows 
resolution of the edema, which correlated with clinical improvement. Note the resid- 
ual from the ischemic event and thrombi layering in the aneurysm lumen. F Early ar- 
terial digital subtraction angiogram (DSA) and G later arterial DSA at that time 
demonstrate the dysplastic conversion of this dissecting aneurysm, which incorpo- 
rates the distal middle cerebral artery. H Lateral DSA of the left external carotid ar- 
tery following a superficial temporal to middle cerebral artery by-pass procedure 
with two branches anastomosed. I Frontal and J lateral DSA angiogram of the left in- 
ternal carotid artery after endovascular trapping of the horizontal middle cerebral 
artery segment. Note the disappearance of the aneurysm. K Lateral DSA of the left ex- 
ternal carotid artery late phase shows the by-pass filling the majority of the middle 
cerebral artery territory with no filling of the aneurysm. F-K see p. 1028 
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Fig. 14.81F-K. Legend see p. 1027 
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Tolerance Test Prior to Arterial Occlusion 

Various test protocols have been reported, including xenon cerebral blood 
flow studies and stump pressures after temporary occlusion (Drake 
1979b; Gelber and Sundt 1980; Sharbrough et al. 1973); induced hypoten- 
sive challenge to the occlusion was proposed by Pile-Spellman et al. 
(1986). We have used the anatomical assessment supplemented by an in- 
traluminal balloon occlusion test to assess tolerance to acute internal 
carotid artery occlusion using local anesthesia and systemic hepariniza- 
tion (Berenstein et al. 1984a). 

If occlusion of the internal carotid and/or vertebral arteries is not tol- 
erated, the balloon should be deflated immediately. As a point of caution, 
one should clinically assess the function of both hemispheres. 

In patients with an incompetent circle of Willis, bilateral carotid dis- 
ease, or signs of ischemia during the tolerance test, an EC-IC by-pass 
should be done (Fein and Flamm 1979) prior to embolization or if the test 
occlusion is done prior to tumor surgery, where the artery is to be sacri- 
ficed. Even patients who have already had an EC-IC by-pass receive a tol- 
erance test (Fig. 14.2). 

In patients in whom an associated intracranial aneurysm is found, pri- 
marily in another circulation, and in whom carotid occlusion is contem- 
plated, the incidental aneurysm should be treated first. 

Theron added an important safety assessment by injecting the ICA that 
will be preserved and/or the vertebral artery (VA), while the ICA to be sac- 
rificed is temporarily occluded, preferably at the level of the actual occlu- 
sion. It is also necessary to look at the circle of Willis and at the symmetry 
of the venous phase in both hemispheres; if symmetrical, it is a good pre- 
dictor of tolerance to occlusion. 

In the vertebral artery, occlusion tolerance testing is probably less crit- 
ical, unless there is only one vertebral artery (Fig. 14.79) or if it is the 
second procedure and the contralateral vertebral artery has already been 
occluded. It is imperative that the temporary occlusion is done at the ex- 
act location of the planned permanent occlusion. For the most part, a 
good anatomy is a good predictor in the vertebral arteries, as is also true 
of the basilar trunk (Fig. 14.72). 

Determining tolerance prior to sacrificing the basilar artery or a mid- 
dle cerebral artery is similar to other vessels and is done under systemic 
heparinization. Contrary to tests in the internal carotid artery or vertebral 
artery, the test occlusion must be at the exact level of the planned perma- 
nent occlusion to avoid closing perforators that may arise millimeters 
above or below (Hieshima and Higashida 1987) (transverse pontine, 
lenticulostriate, etc.). 

In addition to clinical monitoring, follow-up angiography of the natu- 
ral collaterals will confirm the ability to fill the territory downstream from 
the occlusion (Fig. 14.80). 

In small subarachnoid aneurysms that have a neck, a deconstructive 
operation may not be tolerated or, if tolerated, will frequently not exclude 
the aneurysm from the circulation unless occlusion is at the neck of the 
lesion. A trapping procedure may be needed, but the presence of impor- 
tant branches at the aneurysm level or close to it may not permit such a 
procedure. We believe that in most saccular aneurysms in which the par- 
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ent vessel cannot be preserved, embolization should not be done since 
currently available microneurosurgical techniques carry low morbidity 
and excellent results in such patients. 

Occlusion can be achieved by detaching the balloon immediately if the 
test is passed favorably. 

We do not believe that occlusion tests can reliably be achieved with 
coils prior to detachment; however, if the preexisting anatomy and collat- 
eral circulation is adequate large and small vessels can be occluded with 
detachable coils in combination with large fiber coils (Fig. 14.72). During 
the deployment of the coils, measures to avoid distal embolization should 
be taken, from systemic heparinization to proximal balloon occlusion 
flow arrest, or a combination of these. 

Reconstructive Operation 

The ideal goal is to exclude the aneurysm with preservation of the parent 
artery (Romodanov and Shchegelov 1979). This goal is presently accom- 
plished in the great majority of saccular aneurysms with currently avail- 
able coils and liquid embolics. 



74 . 7 . 7.5 General Principles of Coil Treatment of Aneurysms 

Although the vast experience in detachable coil treatments lies with the 
GDC system, a number of principles apply to all detachable platinum 
coils, including coil framing, advancement, manipulation, and avoidance 
of complications; if complications occur, various principles apply to how 
to deal with them. 

Follow-up angiography is recommended prior to coil detachment, ei- 
ther as a full run or as a road map hand injection in the working position, 
to confirm integrity of the parent vessel and to check distal branches and 
overall flow, searching for spasm or sluggish flow. 

A variety of techniques are available to avoid compromising the parent 
vessel, prevent clot formation, and to deal with such events. 

Neck Protection 

As the coil treatment of cerebral aneurysms evolves, and more difficult le- 
sions are treated, the main dangers are compromising the parent vessel, 
with the potential of vessel occlusion or additional distal embolization by 
clot or the coils themselves. Therefore, several techniques and devices 
have been introduced to protect the orifice of the aneurysm. 

For many of these techniques, there is a need for more than one 
catheter assembly system. Several techniques can be used, which will de- 
pend on the size and tortuosity of the main brachiocephalic vessel to be 
catheterized. Whenever possible we use a 7-F catheter of sufficient ID to 
accept both the balloon tip catheter and the microcatheter, using a three- 
port hemostatic valve (Fig. 14.82) or two parallel “Y” hemostatic valve. If 
the ICA or vertebral artery are of small caliber or if one of the catheters to 
be used is to be placed in another brachiocephalic trunk, a bifemoral ap- 
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Fig. 14.82A-C. “Y” hemostatic 
valve adapters. A Two-port 
adapter. B Three-port adapter. 
C Headway (Cathnet-Science) 
valve prevents retrograde back- 
flow 




C 



proach can be used. Usually a 5-F guiding catheter is used for the balloon 
on one side and a 5- or 6-F guiding catheter in the other side for easy, re- 
peated guidance angiography. 

When large-caliber guiding catheters are used, or when using multiple 
catheters in the brachiocephalic, maxillofacial, or spinal arteries, spasm 
may occur. A very effective way to deal with such spasm is the intra-arte- 
rial injection of 50-100 pg of nitroglycerin (Figs. 14.83, 1.48). 

Balloon Remodeling. Moret et al. (1997) described a technique to deal 
with wide-neck aneurysms, or aneurysms with poorly defined necks, to 
prevent the coils from compromising the parent vessel lumen. The tech- 
nique consists of a balloon-assisted protection of the native vessel lumen 
with a balloon-tip catheter, while a second microcatheter delivers the coils 
(Fig. 14.84A-D). The inflated balloon forces the coils to take a concave 
configuration, literally remodeling the coil mass and anchoring it within 
the aneurysm sac. Unless the anatomy of the aneurysm is obviously un- 
suited for conventional GDC coiling, we will first try to place a 3-D or 2-D 
frame; if this is not possible we will switch to Moret’ s remodeling technique. 
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Fig. 14.83A-D. Clinical treat- 
ment of vasospasm (also see 
Fig. 1.48). A Spinal cord arteri- 
ovenous malformation (AVM, 
arrows) supplied by the ASA 
( arrowheads ). The motor- 
evoked potentials (MEPs) 
flatten during catheterization. 
B The ASA is not opacified. 

C After 75 pg nitroglycerin the 
spasm is released, small resid- 
ual spasm in the ascending 
limb of the ASA. D After parti- 
cle embolization of the AVM, 
there is a small residual spasm 
( arrows ) 



Fig. 14.84A-J. Remodeling balloon technique. A-D Diagrammatic representation of ► 
Moret’s remodeling technique. A Broad-base aneurysms, the coils protrude into the 
parent vessel. B Balloon inflation assists by protection of the native vessel lumen, while 
a second microcatheter is delivering the coils. C The coils will be remodeled and D will 
maintain their position after balloon deflation. E Three-dimensional angiogram of a 
hypophyseal aneurysm with a poor neck-to-dome ratio. F Road map demonstrating 
the leading loop of a 3-D coil extruding into the internal carotid artery (arrow), which 
also occurred with a 2-D coil. G, H Frontal oblique views show the balloon ( curved 
arrows ) protecting the coils from protruding into the parent artery. I-J see p. 1034 
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Fig. 14.84A-H. 

Legend see p. 1032 
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Fig. 14.84 ( continued ). I Frontal and J oblique lateral projection demonstrate the 
coils within the aneurysmal sac 



This remodeling technique is more difficult and technically more de- 
manding than the single-catheter technique: it is more prone to spasm of 
the carotid or vertebral arteries, there are more lines to watch, and more 
hardware in the patient; adherence to meticulous technique is even more 
imperative with experience, it increases safty in wide neck aneurysms. 

Although denser packing can be achieved with this remodeling tech- 
nique, no long-term advantages have been proven as yet, and we reserve it 
for difficult cases and not necessarily for denser packing. 

Various balloon-tip catheters are presently available for this purpose, 
including the Sentry from Target (Boston Scientific) (Fig. 14.29), or the 
Equinox from MTI (San Jose, CA, USA) (Fig. 14.30). Both use a similar de- 
sign. They are single-lumen low-profile microcatheters with hydrophilic 
coating. Various distal tip segments and balloon sizes are available. A 
0.010-in. microguidewire is used for navigation, to seal the distal end of 
the catheter, and permit inflation of the balloon (Figs. 14.29, 14.30). The 
microguidewire will also prevent back flow of blood. The wire is inserted 
with a Y-adapter with a hemostatic ring (Fig. 14.29); the side arm of the 
Y-adapter is connected to a 1-ml Fuer-Fok syringe with 0. 1-0.4 ml for bal- 
loon inflation, depending on the balloon size. 

The technique can be useful to protect a proximal segment of a vessel 
that may be partially incorporated in the aneurysm neck (Fig. 14.85). 

The guidewire tip is positioned distally into a major branch such as the 
middle cerebral artery for better support and stability. Whenever possi- 
ble, we try to have a J shape at the distal wire to prevent accidental en- 
trance in to a small normal vessel. Balloon occlusion should be as short as 
possible; if the circle of Willis is competent, occlusion times are better tol- 
erated. If the circle of Willis is incompetent short occlusions of probably 
less than 2-3 min should be attempted, with periods of at least 5 min be- 
tween inflations, to avoid repeated cumulative periods of ischemia. 
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Fig. 14.85A-I. Remodeling technique in the basilar system. A Frontal digital subtrac- 
tion angiogram (DSA) of a large basilar apex aneurysm. B Immediate after the first 
embolization. Note the incorporation of both posterior cerebral arteries (PCAs) into 
the neck with the right more so than the left. C Follow-up DSA 12 months later demon- 
strates compaction on both sides of the aneurysm. D Road map frontal view with the 
balloon for remodeling protecting the right PCA, ( arrows point to the two radiopaque 
markers that indicate the length of the balloon). E Placement of the first coil ( curved 
arrow). F Additional coils are placed with balloon protection ( curved arrow). G After 
the right-side coiling, it was easy to pack the corner on the left side with ultrasoft coils 
( curved arrow). H Immediately after the second procedure, an excellent remodeling of 
the right PCA was obtained. I Eighteen months follow-up in frontal projection 
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In general we place the balloon-tip catheter first, usually beyond the 
orifice of the aneurysm (Fig. 14.86D), the microcatheter is then inserted, 
and the aneurysm is catheterized; the balloon is then positioned across 
the orifice of the aneurysm with road mapping. There is usually a lag time 
with these systems, so one should be careful and patient to fine-tune the 
balloon position (Fig. 14.86C-E). 

The balloon is first inflated across the orifice of the aneurysm, the coil 
is then deployed but not detached, the balloon is then slowly deflated, 
usually using a new road map acquisition, and the coil or coil mass ob- 
served for 1-2 min; if there is no movement of the coil, the coil is detached 
(Fig. 14.86). For the most part, guidance angiography to check the parent 
artery and distal branches is frequently done between coils and prior to 
detachment. The same procedure is followed after each coil deployment 
and before detachment. 

At the end of the procedure, prior to withdrawing the microcatheter, a 
guidewire is advanced through the microcatheter as a safety measure, 
which can be used if a coil is seen to come back; the balloon may be par- 
tially or fully inflated as an additional precaution. 

In cases where the exact location of the parent artery is not clear, or in 
cases of more than one aneurysm, where the coils in one lesion may over- 
lap the second aneurysm, the balloon is invaluable to know where the ves- 
sel lumen is at all times and make it very easy and safe (Fig. 14.87). 



Fig. 14.86A-I. Remodeling technique. A Lateral digital subtraction angiogram (DSA) ► 
of the left internal carotid artery. There is a previously treated aneurysm on the right. 

The coils are subtracted (arrow). The left side aneurysm has a broad neck. B Road 
map of the cervical carotid artery demonstrates the tortuous course of the internal 
carotid artery. Note there are two microcatheters. We tend to use a “I” curve on the 
wire as a guiding lead for less traumatic advancement. C Frontal oblique projection 
demonstrates the balloon-tip catheter, which is the first catheter introduced and then 
advanced beyond the aneurysm. The “J” in the wire (arrow) leads. D The balloon (two 
small arrows) is beyond the aneurysm and placed first. The tip of the microcatheter 
to deliver the coils (arrowhead) is at the entrance of the aneurysm. E The micro- 
catheter has entered the aneurysm (arrowhead). The balloon is then brought back 
across the neck of the aneurysm. F First coil delivery. The balloon (curved arrow) is 
inflated to prevent the coils from protruding into the carotid artery. G Additional 
coils have been advanced. The balloon is inflated every time an additional coil is in- 
troduced. Note the coil is abutting against the balloon and is remodeled. H Using the 
road-mapping technique, a new mask is obtained. Prior to detachment of the coil, the 
balloon is deflated (open curved arrow), and the coil mass is observed. If there is no 
motion the coil is then detached. I Lateral DSA angiogram after embolization. Note 
the near total obliteration. There is a small residual aneurysm at the distal portion of 
the neck 
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Fig. 14.86A-I. Legend see p. 1036 
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Fig. 14.87A-F. 
Legend see p. 1039 
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Two-Microcatheter Technique. There are specific instances where bal- 
loons cannot be properly placed across the neck of an aneurysm, but the 
aneurysm configuration may permit the use of two microcatheters simul- 
taneously, using one coil to secure the other prior to detachment 
(Fig. 14.88). It is important that stability of both coils is secured before de- 
tachment. A period of observation is recommended; if there is no move- 
ment of the coils, detachment is then started. If simultaneous detachment 
is desired, both proximal markers are advanced to the detachment po- 
sition. If one would prefer to detach one coil at a time, the coil to be de- 
tached is detached, while the proximal marker of the coil that will not be 
detached is kept proximal to the detachment marker. Note that even if 
only one detachment box is used, if both markers are in the exposed (de- 
tachment) position, electrolysis can occur on both coils. 

Trispan. In broad-neck aneurysms, the main problem is to prevent the coil 
or coils from protruding into the parent vessel (Figs 14.89, 14.90). A mul- 
tileaf (3-6) or multiloop nitinol ring configuration device, with an outer 
core platinum radiopaque marker at each loop has been developed 
(Figs. 14.89, 14.91): the Trispan (Target, Boston Scientific). The device 
can de detached by electrolysis, like the regular GDC coil. There is a ra- 
diopaque marker at the inner and outer portion of the detachment zone, 
soldered to a pushing mandrill or wire, with an electrolytic detachment 
zone (Fig. 14.90). The device can be very helpful in aneurysms with a 
broad neck, broad-based terminal aneurysms such as basilar artery 
aneurysms, or when a vessel is incorporated at the neck of the aneurysm 
(Fig. 14.91). There is still limited experience with this technique, and coil 
compaction continues to be a problem (Fig. 14.91H, I). Interestingly, one 
can recoil through a previously deployed Trispan, and despite the com- 
paction of the collaterals mass, the Trispan remains in position 
(Fig. 14.91J-0). The Trispan device is the first attempt to add neck bridg- 
ing devices to our armamentarium, some placed in to the aneurysm lu- 
men and others in the parent vessel lumen, including stents designed for 
aneurysm therapy. 



Fig. 14.87A-F. Remodeling technique in multiple aneurysms. Paraophthalmic and 
anterior ring aneurysms. The balloon makes it very safe to preserve the internal 
carotid artery. A, B Preoperative working position. There are two aneurysms; the ex- 
act relation between the carotid artery and the aneurysms is not clear. C Plain film 
after the paraophthalmic aneurysm has been coiled. The balloon {arrow) is protect- 
ing the carotid artery, and the microcatheter is in the second lesion (curved arrow). 
D Monitored by road mapping, the balloon is inflated (arrow) and the coils are de- 
livered. E At the end, the catheter assembly is removed with a new mask to monitor 
the stability of the coils. F Final angiogram shows an excellent result 
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Fig. 14.88A-H. Two-microcatheter technique. A Frontal digital subtraction an- 
giogram (DSA) of the right internal carotid artery shows a bilobed aneurysm of the 
right middle cerebral artery bifurcation. B Frontal road map with the first coil being 
delivered. Note the leading portion of the coil protruding toward the middle cerebral 
artery main trunk (arrow). C The 3-D coil is delivered within the aneurysmal sac; 
however, it is unstable in its most distal portion (arrow). D Prior to detachment of the 
first coil, a second microcatheter guidewire assembly (arrow) is navigated into the 
aneurysm. E The microcatheter tip (arrow) is in the second distal dome. F A second 
coil is deposited to anchor the first coil. Note the tip of both microcatheters. G-H see 
p. 1041 
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Fig. 14.88 (continued). G Plain film of the skull demonstrating the tandem use of the 
two microcatheters with the two microcoils, after a second pair of microcoils have 
been delivered. H Final postembolization angiogram with obliteration of the aneu- 
rysm 




Fig. 14.89A, B. Trispan (Target, Boston Scientific). A Device in the open position. 
Multileaf nitinol loops with platinum radiopaque markers in each leaf, has an elec- 
trolytic detachment zone, pusher wire, and inner and outer markers, as the GDC has. 
B Cross-section of the device 
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Fig. 14.90A-F. Glass model representing a broad-base aneurysm. A First the intro- 
duction of the Trispan prior to opening. B The Trispan is expanded against the walls 
of the aneurysmal sac. C A microcatheter is then advanced with a guidewire to enter 
the dome of the aneurysm (arrow). D As the Trispan is expanded, the first coil, usu- 
ally a 3-D coil, is then delivered with the Trispan folding the leaves of the coil and pre- 
venting it from protruding into the parent vessel. E Additional coils are delivered. 
F The coil is within the confines of the Trispan 



Fig. 14.91A-N. Giant aneurysm with thrombi and a broad neck. A Coronal Tl- ► 
weighted MRI shows the very large aneurysm with significant thrombi within it. The 
small luminal portion correlates with the angiogram. B Frontal oblique projection of 
the left internal carotid artery shows the poor neck-to-dome ratio with this broad- 
base aneurysm incorporating the A1 segment. C Working position with a 3-D coil 
within the aneurysmal sac. Assurance as to stability and protrusion into the parent 
artery could not be secured and the procedure was aborted. D Plain film of the skull 
shows the radiopaque platinum in the expanded leaves of the Trispan, the proximal 
and distal markers. E Working projection frontal view after coiling demonstrates the 
dense coil mass within the Trispan confines. The proximal detachment of the Trispan 
is seen (arrow). F Postoperative angiogram demonstrates the excellent obliteration of 
the aneurysm, with preservation of the A1 segment. G-N see p. 1044 
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Fig. 14.91A-F. Legend see p. 1042 
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Stent Protection. As stent technology continues to improve, with ever de- 
creasing stent profiles and increased stent flexibility, stents can be used to 
bridge the neck of an aneurysm. Once the stent has been deployed, coils 
are detached by passing a second microcatheter through the stent cells or 
on the outside of the stent. This technique can be used in the carotid ar- 
tery (Fig. 14.92) or in the basilar artery (Fig. 14.93). Although effective, the 
long-term outcome of this combination is not yet well established, and we 
have seen recurrences (Fig. 14.93H-0). Preoperative and postoperative 
measures must be taken, with a rigorous antiplatelet protocol (see 
Sect. 14.16). A very promising technique is the combination of balloons, 
stents, and liquid embolics (Skizora et al. 1996; Mawad et al. 2002). The 
stent is first deployed, leaving the angioplasty balloon deflated but in 
place. Prior to the liquid embolic injection, the balloon is inflated, blood 
flow is stopped, and the liquid is injected. The stent cells will act as a scaf- 
fold, allowing the liquid embolic agent to seal the aneurysm and deliver 
the liquid embolic agent between the vessel wall and the stent (Fig. 14.94). 

Coil Stretching 

Coil stretching or unraveling refers to the unintentional elongation of the 
coil while attempting to bring back or reposition the coil. It is more likely 
to occur in the smaller 10-gauge coils. It is better to avoid stretching than 
to deal with it when it occurs. To prevent stretching of a coil when bring- 
ing it back or repositioning it, careful alignment of the catheter tip to the 
coil is important. If the coil does not respond with one-to-one respon- 
siveness, slight withdrawal of the microcatheter, and, if needed, the coil 
and catheter as a unit will prevent the problem. It is imperative to ensure 
that other coils or the entire coil mass do not move; if this is a possibility, 
it may be safer to leave the stretched coil in the vessel than risk worsening 
the situation, and placing the patient on anticoagulants and antiplatelets. 

Stretching is also more likely to occur if there is friction during the ad- 
vancement of the coil through tortuous anatomy, with an attempt to bring 
back the coil, multiple repositioning, or trying to rotate the device, which 
should be avoided. The addition of the soft and ultrasoft stretch-resistant 
GDCs has for the most part resolved this problem (Fig. 14.67). 



■4 Fig. 14.91 ( continued ). G Lateral and H frontal angiograms following recurrence of 
the aneurysm. There is recanalization in the anterior inferior portion of the aneur- 
ysm. Note the Trispan was unchanged and the radiopaque proximal detachment 
point. I, J Road map images following the advancement of a microcatheter through 
the Trispan leaves and placement of additional coils in the open portion of the 
aneurysm. K Oblique projection of a superselective injection of the catheter within 
the aneurysm, demonstrating the relation of the residual dome to the Al segment. At 
this point, it was felt that it was unsafe to continue coiling. L Frontal and M lateral 
plain film of the skull showing the new coil Trispan appearance. N Postoperative an- 
giogram demonstrating the small residual portion in the Al (curved arrow) 
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Fig. 14.92A-G. Dissecting aneurysms of the cervical internal carotid artery and 
traumatic aneurysm of the precavernous internal carotid artery. A Frontal oblique 
projection of the left common carotid artery shows the dissecting aneurysm of the 
cervical internal carotid artery ( arrows ) and the broad-neck traumatic aneurysm of 
the precavernous petrous carotid artery ( curved arrow). B Follow-up angiogram 
3 months after the placement of a self-expanding Wallstent (Boston Scientific, Wa- 
tertown, MA, USA) in the cervical internal carotid artery, with near total remodeling 
of the carotid artery. C Cone-down view after a balloon expandable AVE stent 
(AVE/Medtronic Minneapolis, MN, USA) has been placed across the neck of the 
petrous aneurysm (arrow). Note the distal end of the Wallstent ( curved arrow). 
D Road map after expansion of the stent at the level of the aneurysm entrance and 
placement of a microcatheter through the cells of the stent and into the aneurysm 
(arrow). E-G see p. 1047 
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Fig. 14.92 ( continued ). E, F Progressive coiling of the aneurysm with the stent protect- 
ing the carotid artery lumen. G Angiogram of the left common carotid artery after coil 
placement within the broad-based aneurysm protected by the balloon-expandable 
stent, with an excellent clinical and angiographic result 
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Fig. 14.93A-G. 
Legend see p. 1049 
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< Fig. 14.93A-0. Recurrent broad based mid-basilar aneurysm. A Lateral view of the 
left vertebral artery injection shows a broad-based anteriorly pointing mid-basilar 
aneurysm with a broad neck and atheromatous changes in the vertebrobasilar sys- 
tem. B Immediate result after coiling in the acute phase after subarachnoid hemor- 
rhage. C Six-month follow-up. There is compaction of the coils with recurrence of the 
aneurysm. D Lateral and E frontal plain film of the skull showing a stent ( white ar- 
row) through which coils were placed to close the recurrence. F Lateral and G frontal 
views of the left vertebral artery injection after stenting and coiling demonstrates the 
coils to be around the basilar artery, and the basilar lumen protected by the stent. 
H, I One year later, there is compaction of the coils. Note the angulation of the mid 
portion of the stent, where the compaction occurred. J, K the lumen of the aneurysm 
is catheterized, and L and M after the third time coiling, the stent preserved the basi- 
lar artery. N-0 see p. 1050 
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Fig. 14.93 ( continued ). 
N, O Final angiograms 






D 

Fig. 14.94A-D. Diagrammatic representation of a stent and balloon protection prior 
to liquid embolization of a broad-neck aneurysm. A The stent must be longer than 
the neck. B The stent is balloon expanded, a microcatheter within the aneurysm de- 
livers the liquid embolic agent with flow arrest by the temporarily inflated balloon. 
C The balloon will retain and model the hardening liquid embolic agent. D Cross- 
section after the treatment. There is a true reinforcement of the vessel wall, with the 
liquid embolic agent sandwiched by the stent 
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Fig. 14.95A-C. Coil retrieval 
devices. A Attracter 18 (Target, 
Boston Scientific) uses fibers 
to trap the coil. B Retriever 
(Target, Boston Scientific) is a 
snare-type device. C Marlin 
(Target, Boston Scientific) is a 
basket design 




Coil Retrieval 

If a coil is accidentally detached or lost in an unwanted location, an at- 
tempt should be made to retrieve it, although proper assessment as to the 
risk versus the benefit of leaving it alone should be considered. 

Several devices have been designed for this purpose. 

Microvena Snare. The Microvena snare (Microvena, White Bear Lake, MN, 
USA) is made of a nitinol shaft guidewire with a gold circular ring snare 
that can be advanced through a microcatheter. Two sizes are available: a 
2-mm and a 4-mm ring (Figs. 14.95, 14.96). As the snare exits the catheter, 
it has a preshaped ring or loop that can turn at right angles to the tip of the 
catheter and vessel lumen, making it possible to engage the lose end of the 
coil or another segment of the coil. By then advancing the microcatheter 
while holding the ring steady until the snare and coil enter the micro- 
catheter, the gold ring then collapses and traps the coil. As the coil is with- 
drawn, careful fluoroscopic monitoring is mandatory so that the problem 
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Fig. 14.96 A, B. Microvena snare 
(Microvena, White Bear Lake, 
MN, USA). We have a limited 
experience in coil retrieval. The 
few times we needed to retrieve 
a coil, this device was used. It 
comes in various sizes, is made 
of nitinol (shaft) and gold 
(ring). B Foreign body retrieval 
(see Fig. 14.167) 



is not made worse. Withdrawal is done with the proximal end of the snare 
firmly fixed, removing the catheter-snare-coil complex as one unit. We 
have limited experience in coil retrieval, and this is the device we have 
used in the few instances we have had to retrieve a coil. It can also be used 
for other foreign body retrieval, including stents (Fig. 14.167). 

The Attracter 18. The Attracter 18 (Fig. 14.95A) (Target, Boston Scientific) 
consists of a 0.016-in. mandrill with a Teflon jacket; the last 3 cm have a 
fiber complex with a radiopaque marker at its distal end. Turning the wire 
will trap the loose coil by the fibers. 

The Retriever. The Retriever (Fig. 14.95C) (Target, Boston Scientific) is a 
snare design similar to the Microvena snare. 

The Marlin. The Marlin (Target, Boston Scientific) (Fig. 14.95D) is a sin- 
gle-basket unit. It incorporates a nitinol inner guidewire for memory and 
durability and is wrapped with 4-6 platinum strands for radiopacity. It is 
Teflon-coated to aid in tracking the device and has hydrophilic coating in 
the delivery catheter. The basket can be manually opened and closed. Bas- 
ket expansion is limited to prevent overexpansion, and the basket opens 
and closes by lateral motion of the inner nitinol guidewire. We have 
limited experience in coil retrieval, as we believe that it is best to prevent 
losing a device and have had better results with the 2-mm Microvena 
device; however, the Marlin retrieval device from Target, Boston Scientif- 
ic (Fig. 14.95C) is softer and may track better, and the loop size can be 
varied. 

In Time. The In Time device (Fig. 14.97) (Target, Boston Scientific) is 
made of a nitinol construction, is basket-shaped, and comes in 4- or 6- 
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4-Strand and 6-Strand Basket 
Designs 

Two basket configurations 



Fig. 14.97. In Time (Target, 
Boston Scientific) retrieval de- 
vice. Nitinol construction, bas- 
ket shape, comes in 4- or 6- 
strand basket design. First the 
device is passed beyond the coil 
(clot or other), the basket is 
then expanded, the coil trapped 
and secured with the micro- 
catheter 




strand basket design. First, the device is passed beyond the coil (clot or 
other occlusion), the basket is then expanded, and the coil, clot, or other 
undesired body is trapped and secured with the microcatheter. 

Coil Fixation 

In case a loop of coil is protruding into the parent artery, there is a risk of 
the coil acting as a source of embolus, or it may be unstable and continue 
to extrude the coil mass pushed by the antegrade flow of blood. Although 
rare if basic technical principles are respected, it can occur. 

Several alternatives exist. Fessler et al. (2000) reported attaching the 
protruding coil loop with a stent, with a good outcome. In our experience, 
prolapsed loops will not produce embolic complication if anticoagulant 
and antiplatelet drugs are used; the stent may even increase the amount of 
metal exposed to the blood flow (Fig. 14.98). This maneuver should there- 
fore be reserved for extreme instances where there is significant compro- 
mise in the parent vessel lumen, or when there is clot formation despite 
proper anticoagulation. 

It is probably wise to first observe the stability of the coil. If stable and 
no associated clot is formed, a long course of antiplatelets is very effective, 
and we do not add more exposed metal to the blood flow by adding a 
stent. We have had two such instances (Fig. 14.98). In one patient a single 
TIA occurred several weeks after the coiling, which responded to an- 
tiplatelet medication. 
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Fig. 14.98A-C. Coil loop protrusion. A Digital subtraction angiogram of the right in- 
ternal carotid artery working position shows a paraophthalmic aneurysm with a 
broad neck. B Lateral oblique projection of the right internal carotid artery follow- 
ing partial coiling of the aneurysm. Note a loop protruding in the parent vessel lu- 
men (arrow). C AP view with the loop in the carotid lumen (arrow). Patient treated 
with anticoagulation and antiplatelet medication with no complications and long- 
term follow-up. Placement of a stent in this case would have more metal exposed to 
the blood flow, and coil retrieval could result in protrusion of the other coils, creat- 
ing a potentially more difficult situation 
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Liquid Embolics in Aneurysm Treatment 

Kerber et al. (1985) treated a patient with a facial artery pseudoaneurysm 
with isobytil-2-cyanoacrylate (IBCA). They were unable to preserve the 
parent artery, although in the facial territory such arterial occlusion is of 
no significance; in other territories such occlusions would not be tolerated. 

We have tried the combination of coils and NBCA. The coils are used as 
a buffer to retain the acrylic within the aneurysm. To safely accomplish 
such occlusion, proper functional anatomical investigation is needed 
(Fig. 14.80). With currently available detachable coils, the same result can 
be achieved in a safer manner. 

The use of Onyx (ethylene -vinyl alcohol copolymer, EVOH) and octa- 
cyanoacrylate (C.W. Kerber, personal communication) is expanding the 
applications of endovascular treatment of cerebral aneurysms; however, 
no reliable data are available on these technique. 

Thrombolytics During Aneurysm Treatment 

In the treatment of aneurysms, thromboembolic complications remain 
the most frequent problem. Such complications are usually avoided with 
aggressive anticoagulation with heparin during the procedure. However, 
anticoagulation is not used in the early part of acute aneurysm treatment, 
until the aneurysm is at least partially protected with the first coil. 

Thrombolytics. If embolus is noted during the procedure, most often 
when the aneurysm has previously ruptured, immediate coiling is done 
first. If embolus is found early in the procedure in ruptured aneurysms or 
if heparinization has not been started, heparinization is immediately ini- 
tiated or augmented if it has already been started, to prevent additional 
emboli from forming. Once the aneurysm is protected, one then proceeds 
to revascularizing the occluded branch or branches, usually with supers- 
elective thrombolytics (i.e., urokinase or r-TPA) (Fig. 14.99). 

If an occluded vessel is seen during the procedure, increased he- 
parinization and observation frequently result in spontaneous reopening 
of the vessel. If after several minutes of no change, one proceeds to local 
intra-arterial thrombolysis (LIAT) with urokinase, if available, or r-TPA 
(Fig. 14.100). 

Glycoprotein Ilb/IIIa Receptor Antagonist. If toward the end of the pro- 
cedure, as more coil mass is exposed to the parent artery, clot formation 
occurs despite proper anticoagulation, in most cases persistent or pro- 
gressive, with an ACT of more than 300, the use of an IV glycoprotein 
Ilb/IIIa receptor antagonist (GPA) such as ReoPro (Lilly Research Labo- 
ratories, Indianapolis, IN) is a very effective way to reabsorb the already 
formed thrombus and prevent further clot formation. An IV bolus of 
10 mg is immediately started and continued for 18-24 h (Lig. 14.101). Be- 
fore starting GPA or thrombolysis in general, it is important to ensure that 
the aneurysm is protected and to avoid their use in cases of recent surgery, 
recent arterial puncture at a different site, recent ventriculostomy, or 
other situations that may result in bleeding. 
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Fig. 14.99A-F. Thrombolytics in aneurysm therapy. A Submental-vertex view of the 
right vertebral artery injection in a grade 3 subarachnoid hemorrhage. There is a 
basilar artery apex aneurysm with a nipple. B After placing the first coil, angiogram 
demonstrates a distal occlusion of the right posterior cerebral artery (PCA; curved 
arrow). Note the protrusion of one loop into PI (arrow). C The coil is removed, the 
PCA remains occluded ( curved arrow). Given that the patient had recently bleed, no 
heparin was used. As the occlusion was recognized and the coil was removed, imme- 
diate coiling of the aneurysm proceeded. Once the first coil was in, heparin was start- 
ed. As soon as the aneurysm was coiled, we proceeded to revascularize the PCA. 
D The aneurysm is coiled (arrow), a microcatheter is in the distal PCA that is being 
recanalized. E, F Final angiograms after treatment 
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Fig. 14.100A-F. Thrombolytics in aneurysm therapy. A Grade 0 ophthalmic aneu- 
rysm. B Toward the end of coiling, two middle cerebral artery branches are seen 
occluded (arrows). Despite full heparinization, the occlusion persisted. C After super- 
selective thrombolysis with 400,000 IU of UK, the vessels were open. D Delayed an- 
giogram, the vessels remain open. E Three-day follow-up angiogram and F 7-month 
follow-up show persistence in the aneurysm occlusion 
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Fig. 14.101A-E. Use of glycoprotein Ilb-IIIa receptor antagonists (GPA). A Digital 
subtraction angiogram of the right internal carotid artery paraophthalmic aneu- 
rysm, preoperative lateral projection. B Shortly after coiling, there was a small lucen- 
cy in the carotid artery at the aneurysm orifice ( white arrow). C Approximately 
10 min later, there was further thrombi formation, probably due to coil protrusion 
( white arrow). D Lateral view of the right internal carotid artery 30 min after the IV 
injection bolus of ReoPro. Note the immediate lysis of the blood clot. E Follow-up an- 
giogram the day after showing complete obliteration of the aneurysm and preserva- 
tion of the carotid flow. No evidence of thrombi was seen. There were no clinical 
sequelae 
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14.7.2 Nonabsorbable Liquid Agents 
14.7.2.1 Introduction 

Liquid embolic agents are nonabsorbable. They must be liquid at the time 
of injection and should solidify when they have reached the pathological 
angioarchitecture, producing an endovascular cast of the area without 
passing to the venous circulation or distal arterial territory. The ideal liq- 
uid embolic agent would be one that could be dissolved (with nontoxic 
byproducts) if injected into an undesirable location. These agents are not 
yet available. We have used various types of liquid agents such as liquid 
silicone, acrylates, cytotoxics such as 98% ethanol, and some transarteri- 
al chemotherapy trials. Newer liquid agents are being introduced, includ- 
ing newer acrylates such as the octa-cyanoacrylate Neuroacryl (Prohol, 
San Diego, CA, USA) (C.W. Kerber, personal communication), which will 
soon undergo clinical trials for cerebral embolization. Another liquid em- 
bolic ethylene-vinyl alcohol copolymer (EVAL) was first introduced in 
Japan by Taki (1984). A similar agent has recently come out: Onyx (Mi- 
croTherapeutics,Inc.) (Jahan et al. 2001). This agent is approved in the Eu- 
ropean Union and is under evaluation for AVM treatment and aneurysm 
therapy in the United States (see Sect. 14.7.3). This material has been used 
in spinal cord AVMs (Molyneux and Coley 2000) and in the peripheral cir- 
culation (Canstademir et al. 2002). 

When using liquid agents in or near skin surfaces, its excellent pene- 
tration can produce significant tissue damage, which will manifest itself 
as marked swelling (Fig. 14.102A), which will then progress to necrosis 
(Fig. 14.102B). Therefore, when using liquid agents of this type, proper 
planning is important. The following must be considered: 

1. Is the lesion going to be removed after embolization? 

2. What tissue or skin can be sacrificed? 

3. What tissue or skin has to be preserved? 

In deep lesions not involving the skin or mucous membranes, necrosis is 
usually not a problem, as it will be incorporated by fibrous tissue. How- 
ever, in skin or mucous membrane, necrosis (mostly if of significant 
size) can be a problem unless it will be part of the planned resection 
(Fig. 14.102C). When using aggressive agents and swelling occurs, surgery 
should be delayed until full demarcation occurs. The necrotic area is not 
painful and proper local care is advisable to prevent infection. 



14.7.2.2 Acrylates 

At present the acrylates remain the most frequently employed agent, and 
of these the N-butyl-2-cyanoacrylate (NBCA), remains the most fre- 
quently used by the authors. 

The isobutyl homologue isobutyl-2-cyanoacrylate (IBCA) was the first 
available (Zanetti and Sherman 1972; Kerber 1976; Berenstein and Krich- 
eff 1979a, c) and is the one with which we have the longest follow-up. 
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Fig. 14.102A-C. Postembolization swelling and necrosis following embolization near 
skin surface. A Five days after silicone embolization of the infraorbital and facial sys- 
tems with radiopaque silicone. B Three weeks later, there was a significant shrinkage 
of the lesion, with an area of well-circumscribed necrosis. Note the white silicone 
rubber (arrow). C After resection of the lesion, with removal of the excess skin. The 
patient has had further reconstruction of the lower eyelid with excellent results 



Two commercial versions of NBCA exist. Histoacryl (Braun, Frankfurt, 
Germany) was intended for neural anastomosis and skin closure. It is the 
NBCA preparation currently used throughout the world (with the excep- 
tion of the United States) for endovascular embolizations. Trufil (Cordis 
Endovascular) is the NBCA available in the United States. 

Acrylic Histotoxicity 

In the various toxicity studies conducted by Lehman and Hayes (1966, 
1967) and Gottlieb (1967),IBCA and NBCA appear to be the most suitable 
agents for endovascular applications. This opinion is shared by Vinters 
(1985) in his review of the histotoxicity of cyanoacrylates. Lehman 
demonstrated that the shorter alkyl substitute compounds are less toxic. 
Cultures performed on this agent demonstrate that this material fails to 
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produce any bacterial growth when tested in dog cerebral cortex and 
monkey chiasm. There was no evidence of neurological deficit when ap- 
plied in the cortex. The histotoxicity of the octa-cyanoacrylate Neuroacryl 
(Prohol) appears similar (C.W. Kerber, personal communication). 

In Lehman and Hayes’s (1967) experience, the IBCA was present 
9 months in the dog and 14 months in the chimpanzee. It had disappeared 
in none of the animals. In his long-term studies of IBCA in chimpanzees, 
there was no suggestion of tumor formation. Zanetti and Sherman (1972) 
were the first to use this material for endovascular occlusion of aneu- 
rysms and renal arteries in dogs. They noted that when injected, IBCA 
rapidly polymerized to form a sponge-like mass that increased in size. 
The dose of the adhesive required was approximately 75% of the original 
measured aneurysm volume, with the apparent discrepancy being ex- 
plained by the tendency of the adhesive to trap fluids within its clefts. 

Manelfe (unpublished data, 1979) confirmed the increased volume ob- 
tained by the IBCA-blood mixture. 

The entrapped red blood cells would not hemolyze after 24 h, but faint 
fibrillar structures suggesting fibrin were seen at pathology (Zanetti and 
Sherman 1972). White cells composed of about equal numbers of neu- 
trophilic granulocytes and mononuclear cells tended to concentrate adja- 
cent to the polymer at 3 h. By 24 h, these cells had not increased in num- 
ber and many were degenerating. At 1 week, very few erythrocytes re- 
mained in the entrapped blood, which had taken on a uniform, dark 
eosinophilic stain. A few fibroblasts were disseminated in it while focal 
groups of macrophages and granulocytes were scattered in the periphery. 
By 2 months, the IBCA itself showed little change. However, the interstices 
were densely fibrotic and a few scattered foreign-body giant cells lay ad- 
jacent to the polymer (Fig. 14.103); most surfaces of the matrix were 
found to be covered directly by fibrous tissue. The reaction of the internal 
surface and endovascular wall was of particular interest to the authors be- 
cause of its relation to the problem of adhesion and toxicity. The polymer 
was in direct contact with only about 15% of the endothelial surface and 
entrapped blood occupied the remainder. After 3 h at points of contact 
with the wall of the artery, the polymer seems to be touching the internal 
elastic lamina, rarely with a degenerating endothelial cell interposed. Of- 
ten the internal elastic lamina seems to be dented slightly outward. The 
media was altered only by shrinkage and hyperchromatism of a few nuclei 
adjacent to the internal elastic lamina with no changes in the adventitia. 
There was no progression of degeneration at 24 h or at 3 months. In their 
pathological studies, White et al. (1977) noted that the IBCA found in 
arteries and arterioles manifested as a nonstaining, slightly retractile net- 
work surrounded by a large number of foreign-body giant cells and or- 
ganized thrombosis. There were varying degrees of chronic inflammation 
manifested by lymphocytes and plasma cells in the thrombosed and sur- 
rounding vascular tissue. The vascular outlines were retained, although 
the internal elastic lamina was often focally disrupted, as noted by Zanet- 
ti and Sherman (1972). In many cases, the arteries appear to be dilated by 
their contents. IBCA and associated giant cells were found in very small 
arterioles within the submucosa in a gastric ulcer and within fibrous ar- 
eas of splenic and hepatic infarcts. Zanetti injected IBCA into surgically 
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Fig. 14.103. Photomicrogram after IBCA embolization. The IBCA and tantalum mix- 
ture is seen in black. Note the inflammatory reaction with foreign-body giant-cell in- 
filtration 



constructed aneurysms and 1 week after injection the thrombi did not in- 
trude into the lumen. Fibrous tissue had replaced the blood entrapped in 
the spongy matrix near the wall of the aneurysm and had not yet reached 
the central portion. The smooth muscle wall of the aneurysm had degen- 
erated, with fibrous tissue running through it. A fibrous capsule about 
1 mm thick surrounded the aneurysm. Specimens at 1,2, and 3 months 
had endothelial-lined fibrous walls at the mouth of the aneurysm. The in- 
terstices of the IBCA mass were sealed with fibrous tissue containing a few 
scattered foreign-body giant cells. The walls of the aneurysms were fibrous 
but did not extend beyond the original venous graft. In 1981, Vinters et al. 
reviewed the pathology of two arteriovenous malformations previously 
embolized with IBCA, one 42 days after embolization and the other 1 year 
after embolization. Their findings were consistent with those reported by 
Lehman and Hayes (1966), Zanetti and Sherman (1972), and White et al. 
(1977). 

Interestingly enough, Vinters et al. (1981) found that many, although 
not all, vascular channels were thrombosed and contained a particular 
black substance: the IBCA tantalum mixture. The lack of filling of some of 
the branches is probably related to the form of IBCA injection in vivo. In 
some sections, IBCA was seen within the walls of the embolized vascular 
malformation channels and in some it was seen extending into the sur- 
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rounding gliotic brain parenchyma. Vinters (1981, 1985) did not consider 
the possibility that the extravascular IBCA seen might be artifactual. In 
the parenchyma, no foreign-body giant cell or particulate material was 
observed. In the 1985 review by Vinters et ah, an additional seven patients 
were studied pathologically after IBCA embolization with similar patho- 
logical findings; one patient had the IBCA for 16 months. The IBCA per- 
sisted and could be demonstrated by the black tantalum powder or using 
a modified oil red O stain. In this publication, Vinters and co-workers did 
a more detailed histological analysis of the IBCA-embolized AVMs. In 
addition to the previously mentioned histological findings, they found 
patchy transmural necrosis of portions of some vessels within days or 
weeks of IBCA embolotherapy. Some vessels containing IBCA thrombus 
had undergone recanalization; in others, the IBCA thrombus was lined 
with endothelium and with time there was actually smooth muscle cell 
hyperplasia between the endothelial lining and the IBCA. These findings 
correlate with Quisling’s histological findings with PVA, supporting 
our theory that it is the autologous clot mixed with any type of non- 
biodegradable embolic agent that results in recanalization. A tissue covers 
the nonabsorbable embolic agent with endothelium and virtually makes 
it extravascular (Fig. 14.51). 

As to the question of potential carcinogenesis of the alkyl cyanoacry- 
lates in general and the isobutyl monomer in particular, the preponder- 
ance of histotoxicity results seems to point to a purely inflammatory re- 
action rather than a neoplastic tissue reaction. No reports of neoplasms in 
man have been made in the more than 38 years that the agent has been 
used in humans. 

An absolute statement denying carcinogenicity, however, cannot be 
made. Marck (1982), who studied the mutagenicity of NBCA and IBCA us- 
ing the Ames test in bacteria, where a positive result implies that the prod- 
uct under study is mutagenic for man, found a weak mutagenicity of 
IBCA. Although the extrapolation of this study to human neoplasms is not 
absolute, particularly with the small doses used during embolotherapy, 
the material should be used with care and discrimination, and it is our 
duty to keep good long-term follow-up records on our patients. 

Acrylic Injection 

The widest experience in acrylic embolization has been with NBCA. 
Although the following recommendations are primarily for IBCA and 
NBCA, they apply for currently available acrylics. Polymerization of acry- 
lates will occur when the material comes in contact with any ionic solu- 
tion such as contrast material, blood vessel intima, ora basic pH solution. 
Therefore, prior to any injection of acrylics through any delivery system, 
the catheter must be rinsed with a nonionic solution such as a 5% dex- 
trose solution to prevent the plastic from hardening within the catheter. 

Radiopacity is achieved by mixing the acrylic with tantalum powder 
(Kenna Metal, Latrobe, PA, USA), or by mixing the acrylic with an oily 
contrast material such as lipiodol (Guerbet, Aulnay-sous-Bois, France) or 
Ethiodol (Savage Labs, Melville, NY, USA). Tantalum powder, for the most 
part, is used if the acrylic is to be injected alone in a high-flow fistula, such 
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Fig. 14.104A-G. Flow reversal in a mural fistula of the vein of Galen without balloon. 
A Lateral and B frontal digital subtraction angiogram (DSA) of the right internal 
carotid artery demonstrating the choroidal branch of the anterior cerebral artery 
( curved arrow) supplying a mural fistula. C Frontal view of the left vertebral artery 
injection demonstrates the posterior medial choroidal supply to the same fistula 
( curved arrow). D Lateral DSA of the superselective catheterization of the posterior 
medial choroidal artery on the left with a Tracker microcatheter ( small arrows) with- 
out balloon. With sufficient injection pressure at the tip of the catheter ( long arrow), 
there is antegrade flow toward the fistula ( curved arrow) and retrograde flow into the 
anterior cerebral artery ( bent arrow). E-G see p. 1065 
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Fig. 14.104 ( continued ). E Lateral cone-down plain film demonstrates the occlusion 
of the fistula ( arrowhead ) with some acrylic in the vein (arrow). Note the retrograde 
occlusion of the choroidal branch of the anterior cerebral artery ( curved arrow). Ad- 
ditional embolization in a second choroidal artery is also seen ( open curved arrow). 
F Lateral and G frontal DSAs in late arterial phase of the left internal carotid artery 
after the embolization via the posterior route; there is not filling of the fistula. The 
anterior cerebral artery was never catheterized or embolized directly 
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Fig. 14.105A, B. High-flow 
arteriovenous fistula. High- 
flow fistula as part of an arteri- 
ovenous malformation of the 
posterior frontal region. A Left 
internal carotid artery shows 
the high-flow fistula (arrow). 

B Last image hold of the NBCA 
injection. This fistula was treat- 
ed with 70% NBCA, 30% 
Ethiodol 



as Galenic malformations, or other high-flow fistulae (Fig. 14.104). With 
NBCA as an alternative, tantalum may be omitted, if the flow conditions 
allow 50%-80% iophendylate mixed with 50%-80% NBCA (Fig. 14.105). 

In general, a complete acrylic cast of the desired vascular tree is need- 
ed, as recanalization will occur if the blood clot is left within or around the 
acrylic cast (Fig. 14.106). Therefore, if contrast material is seen to sur- 
round the acrylic on postembolization injection, additional acrylic is de- 
posited in the same pedicle (Fig. 14.107). 

Cases of recanalization because of glue disappearance (Rao et al. 1989) 
result from fragmentation of the acrylic column with intermixture of a 
large portion of blood clot and small amounts of acrylic (0. 1-0.3 ml push). 
Continuous column injections are preferred. Small push volumes are only 
used to reach distal small-caliber territory, such as in SDAVFs. Recanal- 
ization has been seen in less than 2% of our patients, and most incidents 
may actually represent collateral circulation (sprouting or nonsprouting 
angiogenesis), when the shunt is not eliminated. These processes are most 
prone to occur if the shunt is not completely closed. The late reopening of 
previously embolized vessels is seen more frequently in the occipital and 
temporal lobes or other areas rich in leptomeningeal collaterals. With the 
more diluted mixtures, follow-up examinations s may show disappear- 
ance of the radiopaque cast; however, no recanalization has been noted of 
the embolized territory. For more controlled acrylic injections, it is ad- 
vantageous to position the tip of the catheter against the wall of the vessel 
and not in the center of the feeder. This will minimize distal migration of 
the embolic agent through high-flow fistulae, taking advantage of the 
slower flow in the periphery of vessels. The use of coils, mostly liquid coils, 
can be of assistance to prevent distal migration of the acrylic (Fig. 14.59). 
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Fig. 14.106A-D. Recanalization of cyanoacrylate. A Frontal view of the left vertebral 
artery, early phase, shows a prominent posterior artery (arrow) supplying two sepa- 
rate fistulae. B Frontal plain radiogram showing the cast of the posterior cerebral ar- 
tery filling the beginning of both pedicles going toward the fistulae ( curved arrows). 
C Immediate postembolization left vertebral angiogram demonstrates contrast ma- 
terial still passing around the cyanoacrylate cast ( long arrows). The fistula is still fill- 
ing ( bent arrow). Note the additional middle cerebral artery contribution ( curved 
arrow). D Three-year follow-up angiogram demonstrates irregular recanalization 
around the cyanoacrylate cast ( arrowheads ). Note increased diameter of the middle 
cerebral artery ( curved arrow) and decreased diameter of the posterior cerebral ar- 
tery (compare to C) 
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Fig. 14.107A-E. Additional acrylic injection to prevent recanalization. A Lateral view 
of the left vertebral artery demonstrates the parietal branch of the posterior cerebral 
artery supplying the most posterior medial aspect of a left-side malformation. B Im- 
mediate postembolization angiogram of the left vertebral artery demonstrates con- 
trast material passing around the acrylic cast (arrowheads). C Recatheterization of 
the posterior cerebral artery (arrow). Note the injection of contrast material around 
the acrylic cast (arrowheads). Although delayed thrombosis of this vessel with autol- 
ogous clot is likely, there is also the possibility of recanalization, as seen in Fig. 14. 106. 
D Digital subtraction angiogram of the NBCA deposition using a low- viscosity mix- 
ture. Note the penetration of the acrylic material (arrowheads). E see p. 1069 
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Fig. 14.107 ( continued ). E Final 
postembolization angiogram. 
Note the retrograde thrombosis 
of the posterior cerebral artery 
up to the first branching 




Acrylic embolic material can be injected as a continuous column or 
pushed between a nonionic solution as a sandwich or push technique. 

Continuous Column. If superselectivity is accomplished and no normal 
or endangered vessels are present, one can inject acrylic as a continuous 
column to produce an intravascular cast. In general, the amount of acrylic 
needed to reproduce the same filling as the contrast material estimated is 
50%-75% of the original test. 

Flow-Control Acrylic Embolization. If the microcatheter can be wedged 
into a feeder, flow arrest in that pedicle permits the nonionic flush of 5% 
D/W solution to also arrest flow; therefore the acrylic column will not 
polymerize, permitting long continuous injection of acrylic, without glu- 
ing the catheter. Excellent penetration can then be achieved. A nidus may 
be cast through one feeder, reaching territory that receives more than that 
pedicle (Fig. 14.108). 

In Situ Injection. Acrylics may be injected directly into the nidus of a vas- 
cular lesion or tumor in selected instances, if flow control can be achieved. 
Direct percutaneous injections of various embolic agents has increased in 
recent years in difficult lesions with compromised access (Fig. 14.109). 

Catheter Withdrawal. Catheter withdrawal has been markedly improved 
with the development of hydrophilic coatings in all currently available mi- 
crocatheters and is no longer a problem. 
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Fig. 14.108A-I. Flow-control cerebral embolization with NBCA. A Lateral view of the ► 
right vertebral artery showing a vermian vascular malformation. B Selective injec- 
tion of the distal superior cerebellar artery shows the two feeding pedicles to the mal- 
formation as well as the superior vermian normal artery. C Distal catheterization of 
the superior vermian artery, proximal to both pedicles. D More distal catheterization 
producing flow arrest. Note the tip of the catheter (arrow). E Later phase of the same 
injection shows the contrast arrest due to the flow control over that pedicle (open 
curved arrow). F Last image hold from the road map of the NBCA injection. Note the 
penetration into the nidus of the malformation and filling of the most anterior supe- 
rior branch. The microcatheter has been removed. G Lateral arterial phase. H Later- 
al digital subtraction angiogram late phase. Note total obliteration of the malforma- 
tion. The precentral cerebellar and superior vermian veins that used to drain the 
malformation filled in the normal sequential time, confirming the occlusion of the 
malformation (compare to A). I Frontal views, late arterial phase show no filling of 
the malformation 
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◄ Fig. 14.109A-O. Hemangioendothelioma presenting with a consumption coagulopa- 
thy (Kassel Bach syndrome). A Frontal and B lateral digital subtraction angiograms 
(DSAs) of the right external carotid artery demonstrate a fine tumor hypervascular- 
ity. C Transarterial catheterization of a masseteric branch (arrow). D DSA of the same 
injection. The tumor vascularity is seen better here, as compared to the global injec- 
tion. E NBCA cast after the first transarterial embolization. F Frontal and G lateral 
DSA angiograms after embolization. The platelet count temporarily improved. H Di- 
rect puncture 1 (DPI), I acrylic cast, J DP2, K second cast. L-0 see p. 1074 
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Fig. 14.109 ( continued ). L DP3 and M cast. N Lateral and O frontal plain images show 
the final cast obtained. Note the improved opacification of the vasculature and the 
penetration of the acrylic into the lesion’s angioarchitecture 



14.7.2.3 Sclerotherapy 

Sclerotherapy refers to the use of agents that produce a severe inflamma- 
tory reaction in the tissues in contact with the insult; it is the reaction and 
enhanced healing response that scars, or scleroses, the vessel that has been 
in contact with the sclerosing agent. In general, the insult and its triggered 
response are severe enough so that if in contact with normal tissue, severe 
damage may persist. Avoidance of such agents in eloquent tissue, skin sur- 
faces, and cranial nerves is important, as the consequences are serious. 

A multitude of sclerosing agents have been used in medicine for cen- 
turies. For endovascular treatments, ethyl alcohol is the most frequently 
used by the authors and is the one to be discussed in this section. 

Ethyl Alcohol 

Ethyl alcohol (98% ethanol) is gaining popularity as an effective and ag- 
gressive embolic and cytotoxic agent (Ellman 1979; Buchta et al. 1982). It 
is available in any hospital in a 95%-98% concentration. It can be easily 
injected through any delivery system currently available. It produces no 
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immediate mechanical blockage, only secondary blockage, due to its cy- 
totoxicity on blood cellular elements and endothelium as well as adjacent 
tissues. It then produces an ischemic or anoxic insult and cytotoxic dam- 
age. The local effects of ethanol are related to its potent denaturant and 
hydrophobic property in high concentrations. In our measurements of 
systemic concentrations of ethanol in blood using Widmark’s factor dur- 
ing endovascular treatment and using up to 60 ml of ethanol (in venous 
vascular malformations of an adult) at any one treatment, blood levels of 
alcohol have been well below systemic toxic levels. When the ethanol 
reaches collateral circulation or the venous outflow, it becomes diluted 
and nontoxic. 

In various experiments and in pathological specimens, Ellman et al. 
(1981, 1984) and Buchta et al. (1982) demonstrated the effects of ethanol. 
However, the head and neck and cerebral vasculature were not studied. 

In the renal vasculature, Buchta et al. (1982) showed vascular pruning 
and spasm in the distal circulation, with stasis in the segmental and main 
renal arteries, and an absence of a nephrogram in the immediate an- 
giogram following slow infusion of 95% ethanol. 

Pathologically, changes were noted as early as 2 min later, consisting of 
protein precipitation and fibrinoid necrosis at the tissue level; the blood 
vessels were congested but not thrombosed. Electron microscopy studies 
demonstrated severe cellular changes at various levels, with necrosis of 
endothelial, epithelial, and mesenchymal cells and distortions of all intra- 
cellular elements. In the intravascular space, erythrocytes were congested, 
lysed, or agglutinated. In 1984, Ellman et al. showed the difference in dam- 
age produced by rapid (2 ml/s) versus slow (less than 0.5 ml/s) injection 
of intra-arterial ethanol. Rapid infusion produced more tissue damage 
and less blood cellular element aggregation, whereas slow infusions per- 
mitted a higher contact of blood cellular elements with the alcohol, pro- 
ducing damage to the cells, aggregation, and thrombosis. 

They demonstrated no gross differences between the rapid intra-arte- 
rial injection and those produced following balloon occlusion for evalua- 
tion of the cytotoxic damage in the absence of blood cellular elements in 
the renal circulation. 

The conclusions of the Ellman et al. (1984) and Buchta et al. (1982) 
studies suggest that a better way to produce tissue damage may be to pro- 
duce flow arrest to permit a long contact between the ethanol and the en- 
dothelium, in the absence of blood cellular elements. 

Ethanol Injection in the Arterial System. In view of its cytotoxic effect, 
ethanol seems to be a suitable agent when necrosis and not only devascu- 
larization is the main objective, such as in malignant or aggressive tumors 
(Choi 1985). Alcohol is not indicated in very high-flow conditions to meet 
the objective of mechanical blockage, where detachable balloons or 
acrylics may be best. 

In very hypervascular (but not high-flow) lesions, one may use a com- 
bination of ethanol and particulate agents such as PVA (Wallace 1984), 
Gelfoam powder, and collagen. This has the advantage of producing alco- 
hol stagnation. 
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When using ethanol, the final result will not be apparent immediately. 
One may opt for injecting a strip of Gelfoam at the end of the infusion to 
maximize its effects. The end point of alcohol infusion is difficult to judge, 
as vessel spasm may give a false picture. Furthermore, spasm may occur 
at the tip of the catheter where the highest concentration of the ethanol is 
in contact with the vessel wall; caution must be taken to prevent reflux. If 
spasm occurs it may be advisable to work on another pedicle and return 
to the first one at a later time. When ethanol is injected in the arterial sys- 
tem, it must be done with utmost selectivity, particularly in skin and mu- 
cous membrane areas. 

To avoid spasm, prior to ethanol injection, intra-arterial Xylocaine can 
be used and is very effective in preventing spasm. 

Ethanol Injection in Venous Malformations. Patients are prepared for the 
procedures with general anesthesia using endotracheal intubation. Tra- 
cheostomy and nasogastric intubation is indicated if the clinical evalua- 
tion and preliminary CT scan already demonstrate the lesion near the air- 
way or alimentary passages. The puncture site is chosen at a normal area 
near the lesions in most instances. The skin is prepared in the usual anti- 
septic manner. We employ an 18- to 24-gauge angiocatheter connected to 
a venotube (Fig. 14.3), or a 21- to 25-gauge butterfly needle. In general, the 
angiocatheter is placed in a dependent orientation to facilitate back bleed- 
ing, which confirms the intravascular position of the angiocatheter, and to 
prevent air embolism. Following needle placement and venous sampling 
with fluoroscopic (road mapping) monitoring, contrast material is then 
injected to obtain a gross assessment of flow within the lesion, and an es- 
timation of volume capacity of the compartment being treated. Depend- 
ing on the lesion size or compartment, contrast material is progressively 
injected and monitored fluoroscopically, to determine the volume of the 
lesion or a specific compartment of the lesion. Multiple septations can be 
seen as contrast material enters the pouches and starts unfolding the ve- 
nous spaces. As the compartments are filled, the walls will bulge outward 
or will follow anatomical landmarks such as bone (Fig. 14.110). The ve- 
nous drainage is important, not only to assess potential dangers such as 
drainage toward the cavernous sinus, epidural venous plexus, or intracra- 
nially (Fig. 14.111), but it is important to determine the dominant 
drainage when there is a need to perform external compression to slow 
the flow. Contrast injection is also used to differentiate between a mono- 
compartmental and a multicompartmental lesion. Stagnation or very slow 
flow of the contrast agent is usually observed. To ensure the intravascular 
position of the tip of the needle, one can observe as the contrast material 
layers to the dependent position; the clearance of the contrast material 
from the tip of the angiocatheter should also be observed. If the contrast 
material is seen as a globe that does not move or forms layers, extravasa- 
tion is occurring. In case there is a question as to the position of the de- 
livery needle or angiocatheter, back flow is a good confirmation of an in- 
travascular position. As blood returns after being exposed to the ethanol, 
cell precipitation is seen (Fig. 14.3). 

On occasion, the transition from an abnormal-looking vein to a more 
normal appearing one can be seen. Depending on the pre-estimated vol- 
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Fig. 14.1 10A, B. Venous vascu- 
lar malformation of the parotid 
area. A Following injection of 
5 ml of radiopaque ethanol. 

B After 25 ml. Note the upper 
body limits of the pouch 
( arrows ) and the convex aspect 
of its posterior margins on the 
styloid muscles ( open arrow). 
Note the very poor venous out- 
flow 





ume of a lesion or compartment, 98% ethanol is injected. In the past, 
ethanol could be made radiopaque with metrizamide powder; at present 
metrizamide powder is no longer available. Instead we inject the ethanol 
and frequently check the flow returned, and monitor the progression of 
the occlusion by checking the column of blood return pressure above the 
heart level. Alternatively, radiopacity can be obtained by combining one- 
third Ethiodol to two-thirds 98% ethanol (Borrows, personal communica- 
tion). The combination can be observed as droplets of the oily mixture 
(Fig. 14.111H). The effect of this mixture clinically appears more effective 
and durable than with metrizamide, but this was early in our experience. 
We do not usually inject contrast material following alcohol infusion in 
the same compartment, to prevent displacing the alcohol beyond the le- 
sion. One must check back bleeding each time or if no blood returns, an- 
tegrade flow is checked by gravity by elevating the venotube above the 
heart level. 

If there is no spontaneous back flow or if antegrade flow is not ob- 
tained, no alcohol is injected and a new puncture is done. Usually, we 
inject up to one-third the estimated contrast volume at any one lesion or 
compartment, with the maximum alcohol injected at any one time at 
60 ml. 

In tongue localization, one must establish the venous outflow, and 
ethanol should be injected from a more distal to a more proximal posi- 
tion, to prevent thrombosis of the already compromised venous outflow. 

At the end of the alcohol injection, hemostasis is easily achieved using 
a suspension of hemostatic agents such as Avatine (Microfibrillar Colla- 
gen Hemostat Ethicon, Inc., Somerville, NJ, USA). Gelfoam powder mixed 
with normal saline or a large strip of Gelfoam injected as the angio- 
catheter is withdrawn to seal off the tract. 

Following ethanol infusions, the area becomes swollen, indurated, non- 
compressible, but it is not tender. This process starts within the first min- 
utes and reaches its maximum in approximately 3-7 days. Resolution 
occurs in 1-5 weeks. 
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Fig. 14.111A-F. Legend see p. 1079 
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< Fig. 14.1 1 1A-N. A 32-year-old woman with a venous vascular malformation involv- 
ing the infraorbital and nasal regions with intradural drainage to the superior sagit- 
tal sinus. A, B Clinical images prior to treatment. Note the soft tissue mass, which 
changes with Valsalva maneuvers. There is bluish discoloration of the skin. This is a 
nonpulsatile lesion with extension toward the nose. C Lateral digital subtraction an- 
giogram (DSA) after direct puncture (DP) and injections of the venous compartment 
in lateral and D frontal views show the intracranial drainage through the cribriform 
plate into the superior sagittal sinus (arrows). E Frontal view after liquid coils and 
coils have been placed at the cribriform plate to block the intracranial venous 
drainage ( arrowhead ). Note the injection of contrast material with stagnation and no 
drainage intracranially. F, G Lateral DSA projections of the radiopaque ethanol stag- 
nant within the venous compartment and no intracranial drainage. H Frontal view at 
a later date with ethanol mixed with Ethiodol, which can be seen as droplets of con- 
trast as the material is in suspension. Again note the lack of filling to the intracranial 
venous drainage, protected by the coils ( arrowhead ). I, J Plain films demonstrating 
the stagnant ethanol-Ethiodol mixture. K Clinical pictures taken on the day after the 
direct ethanol injection. K-N see p. 1080 
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Fig. 14.111 ( continued ). K, L Note the significant swelling produced associated with 
induration as the thrombosis and the sclerosis are acting. M Clinical picture after the 
third treatment: the swelling has resolved. Note the marked involution of the lesion 
with the overhanging tissue-expanded skin. There was no filling after Valsalva strain- 
ing, prior to surgical excision. N One week postoperative picture 



One can then evaluate refilling of portions of the lesion and additional 
treatment can then be planned. Limited necrosis is sometimes observed, 
which usually heals spontaneously by granulation (Fig. 14.112). 

Ethanol in Arteriovenous Malformations. Yakes et al. (1997) reported the 
use of 98% ethanol in the treatment of BAVMs,with a high number of to- 
tal obliterations above those reported with acrylics; however, the reported 
complication rate of 47%, although mostly transient complications, still 
led to a permanent complication rate of 17%, in our opinion an unaccept- 
able incidence. 

Ethanol is also very effective in the intranidal embolization of maxillo- 
facial AVMs, following superselective nidal catheterization, for better and 
safer penetration can be achieved following direct percutaneous nidal 
catheterization (Fig. 14.113). 
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Fig. 14.112A-F. Venous vascular malformation (VVM) of the neck. A Original pres- 
entation of the lesion. It has a superficial extension and enlarges with Valsalva ma- 
neuvers. B Radiopaque alcohol in the multilobulated lesion. C Five days after surgery 
there was development of blistering. D Three weeks later there was healing by gran- 
ulation. E Five months later, and F 1 year after the original blister. There was only 
minimal filling on Valsalva 
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Fig. 14.113A-G. Legend see p. 1083 
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◄ Fig. 14.1 13A-J. Maxillofacial arteriovenous malformation treated by direct percuta- 
neous sclerotherapy. A Clinical picture of the lesion on the left side of the nose. B Lat- 
eral digital subtraction angiogram (DSA) of the external carotid artery, late phase, 
shows the capillary vascular malformation (arrow). C Plain film soft tissue technique 
with a radiopaque marker at the lesion site ( arrowhead ). Note the tip of the micro- 
catheter from the arterial route (arrow). D Superselective injection from that posi- 
tion shows the capillary vascular malformation with vessels en passage. E Direct per- 
cutaneous puncture of the vascular malformation at the nidus of the lesion (arrow) 
points to the angiocatheter placed directly into the nidus. F Superselective arterial in- 
jection after sclerotherapy with 98% ethanol injected into the nidus shows the capil- 
lary network gone, with preservation of the normal vessels. G Lateral DSA of the 
common external carotid artery after the direct percutaneous sclerotherapy into this 
capillary vascular malformation shows no filling of the lesion and preservation of the 
normal vessels. H Baseline lateral view of the lesion. I Image immediately after treat- 
ment within the first week shows the bluish discoloration of the treated area, as the 
lesion is thrombosed. J Four weeks after treatment there is near total disappearance 
of the lesion. A small area of ulceration was healing at this time. There was no resid- 
ual malformation 



14.7.2.4 Ethylene-Vinyl Alcohol Copolymer 
Ethylene-Vinyl Alcohol Copolymer Properties 

Ethylene-vinyl alcohol copolymer (EVAL) was first introduced in Japan by 
Taki et al. (1990). More recently, a similar agent has been introduced Onyx 
(EVOH) (MicroTherapeutics, Inc.). Both are solved in dimethyl sulfoxide 
solvent (DMSO) and are dependent on diffusion of the DMSO for the agent 
to precipitate and solidify. Onyx, however, uses the anhydrous DMSO. In 
Taki’s experience with EVAL, as well as the experience reported by Sadato 
and Taki (1994) for the treatment of BAVMs, recanalization was a prob- 
lem, as was angionecrosis seen at the time of surgical excision of the le- 
sion, suggesting a significant toxic reaction believed to be caused by the 
DMSO. Taki used a 2-ml dose to rinse the catheter, and the rates of injec- 
tion are dose dependent. Chaloupka (1999a) and Murayama et al. (1998, 
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2000) demonstrated that if the dose is kept to the dead space of the 
catheter, and the injection rate is above 60 s, there is no toxicity or spasm. 
We add the preliminary injection of 50 mg of Xylocaine and thus avoid 
spasm. 

Onyx is available in various viscosities, dependent on the intended use, 
with the lower viscosity used in AVM embolization (6%— 8%) and a high- 
er viscosity preparation for aneurysm treatment (in the 30% range). Mod- 
ifications of these preparations are expected, as experience is increasing 
with their use. The agent can be made radiopaque with micronized tanta- 
lum powder, which must be well mixed to enter in suspension. Mechani- 
cally shaking and warming the Onyx to 70°C facilitates this mixture 
(Cekirge, personal communication). 

As EVOH is exposed to blood and exits the catheter, it undergoes in- 
stant polymerization, as the solvent DMSO diffuses away. A liner, or skin, 
of solidified material forms, with the central material still in liquid form, 
similar to lava that solidifies from the outside in, with the liquid center 
able to continue to flow with additional injections. This property allows 
slow gentle injections of Onyx and therefore observation of its behavior. 
If Onyx starts entering an unwanted portion of the lesion being treated, 
the injection is stopped, allowing the DMSO to diffuse and the agent to 
harden, and then restarting the injection, as the agent finds the remaining 
unfilled spaces. The column of Onyx is very cohesive, with no fragmenta- 
tion, providing a true cast of the angioarchitecture of the lesion to be 
treated. Onyx solidifies as a spongy, polymeric cast (Fig. 14.1 14). 

Because of the DMSO, the entire catheter assembly system, including 
the stopcock valve, must be DMSO compatible, and in the higher viscosi- 
ty preparation for aneurysm treatment, the catheter must be able to resist 
high injection-pressure buildup. 

Prior to Onyx injection, the catheter dead space (ID) must be rinsed 
with DMSO to avoid polymerization of the agent in the catheter lumen. 
Because of DMSO toxicity, if the DMSO in the dead space of the catheter 
is injected rapidly, it can produce spasm and even necrosis of the vessel 
wall (Chalupka et al. 1999). Once the desired catheterization has been 
achieved, and Onyx injection should be started, except that the catheter ID 
(0.02-0.025 ml) is first filled with pure DMSO. Onyx injection is then 
started with a very slow clearance of the catheter ID (filled with DMSO) 
over a 40- to 60-s injection, to prevent spasm or vessel damage. 

At present this agent is also undergoing randomized clinical trials for 
AVM treatment and aneurysm therapy in the United States. 

EVOH in Aneurysm Treatment 

As Onyx is being introduced as a treatment for cerebral aneurysms, it is 
imperative that the risk of this or any embolic agent or technique remain 
below the risk of other techniques and of the natural history of the dis- 
ease. Onyx is undergoing a clinical trial in Europe and a randomized trial 
with GDCs in the United States. 

For safe aneurysm treatment, flow control is mandatory. The technique 
requires two catheter assembly systems, similar to the remodeling tech- 
nique (see “Balloon Remodeling”). However, all systems must be DMSO 
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Fig. 14.114 (left). Ethylene-vinyl alcohol copolymer (EVOH; Onyx, Microtherapeu- 
tics, Sacramento, CA, USA). EVOH will precipitate and immediately solidify when in 
contact with blood once the DMSO diffuses from the EVOH as a solvent. This pro- 
duces a shell, or skin, which solidifies from the outside in. The center remains in liq- 
uid form and permits additional injections of the material, even after a period of 
waiting. The final sponge-like polymeric cast of the vascular pathology is created 

Fig. 14.1 15 (right). The 1-ml syringes for Onyx delivery. The syringes can do one rev- 
olution at a time. They come in different colors to differentiate the various compo- 
nents of the Onyx formula, with yellow used for the injection of DMSO and the other 
colors for the different concentrations of the material 



compatible. For balloon protection, we use the Equinox occlusion bal- 
loon-tip catheter (Figs. 14.27, 14.30), a single-lumen balloon catheter that 
requires a 0.010-in. guidewire for navigation and sealing the distal end of 
the catheter to inflate the balloon. Balloon sizes come in 10- to 20-mm 
lengths and can inflate from 3-4 mm in diameter; the volume of injection 
will depend on the balloon size. 

For Onyx delivery, we use the Rebar catheter (Fig. 14.13), a wire-thread- 
ed DMSO-compatible catheter with a reinforced shaft that tolerates the 
high pressures needed to inject the more viscous preparation required for 
aneurysm casting. 

Onyx is injected and the balloon is inflated with specially designed 1- 
ml syringes that make it possible to carefully control injection and infla- 
tion. Injection is accomplished by turning the handle of the syringe, in- 
stead of actually pushing as is done with conventional syringes. Each turn 
of the handle represents an injection of 0.01 ml. They come in different 
colors to differentiate the different components of the Onyx formula, 
with yellow used for the injection of DMSO and the other colors for the 
different concentrations of the material, and purple to inflate the balloon 
(Fig. 14.115). 
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Fig. 14.116A-F. Legend see p. 1087 
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◄ Fig. 14.116A-L. Use of Onyx in the treatment of a cerebral aneurysm. A Lateral dig- 
ital subtraction angiogram (DSA) of the right internal carotid artery shows a large 
broad-neck aneurysm. B Lateral road map of the catheterization. The balloon 
catheter was first advanced beyond the neck of the aneurysm, the microcatheter was 
then placed within the dome of the aneurysm (arrow), and the balloon tip catheter 
with the J wire was brought back across the neck of the aneurysm ( open curved ar- 
row, original position; curved arrow, more proximal position, with the balloon across 
the neck of the aneurysm). C Lateral road map of the occlusion test. The balloon is 
inflated while a small amount of contrast material is injected at the catheter tip in the 
dome and it is observed. If there is total flow control Onyx can then be injected. 
D Road map image of the first Onyx injection with flow control with a balloon in- 
flated, while the Onyx is being injected at the dome of the aneurysm (arrow). E In- 
termediate cast of Onyx; the balloon is deflated. F Angiogram shows the posterior 
portion of the aneurysm filled with Onyx. G Road map image toward the end of the 
procedure with additional Onyx injected as it approaches the balloon and entrance 
of the aneurysm (arrow). The balloon is inflated. H Plain film in the working posi- 
tion, with the deflated balloon and guidewire still in place demonstrates the Onyx 
cast with a concave appearance at the place where the balloon was inflated. I Lateral 
and J frontal DSA angiograms after Onyx treatment show an excellent anatomical re- 
sult. K,Lsee p. 1088 
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Fig. 14.1 16 ( continued ). K Oblique and L frontal angiogram 6 months later, the patient 
had TIAs that stopped with antiplatelet medication. Note the stenosis at the level of the 
repair (arrow) as well as partial recanalization at the inferior and upper dome of the 
aneurysm (curved arrows). Compare with I and K 



To determine flow arrest prior to initiating Onyx injection, under flow 
arrest with the Equinox balloon tip catheter, inflated across the aneurysm 
neck, and with the Rebar catheter position deep in the aneurysm, contrast 
material is gently injected,. If flow arrest is confirmed, the balloon is then 
deflated, and Onyx injection is prepared. Prior to Onyx injection, the bal- 
loon is reinflated (Fig. 14.1 16). If the contrast material escapes the balloon 
may have to be repositioned or inflation increased to close the parent ar- 
tery; in general the balloon is a pliable, soft balloon that will conform to 
the vessel shape, although one should avoid overinflation. The balloon is 
deflated with the same syringe, back to the exact starting point, to ensure 
full deflation. If road mapping is available, a new mask is obtained before 
balloon deflation, which will make it possible to reinflate the balloon to 
match the mask (Fig. 14.116). 

At the start of the Onyx injection, pressure must be built up to permit 
the forward advancement of the Onyx column; consequently there is a 
time lag between the first revolutions and the arrival of the Onyx from the 
catheter. Once the injection is started, there is more of a one-to-one re- 
sponse; however, when the injection is stopped, there is still some materi- 
al that continues to extrude from the catheter; therefore all injections are 
done slowly. In general, small injections of 0.2-1 ml are done at any one 
time, over a 2- to 3-min period. 

The balloon inflations are restricted to no more than 5 min at any one 
time, i.e., a 2-min injection followed by a 2-min period for the DMSO to 
diffuse and the Onyx to solidify. It is important to determine the status 
of the circle of Willis: if poor or incompetent, total inflation time is de- 





EVOH in Brain Arteriovenous Malformation Treatment 1089 



creased. After deflation, a period of 3-5 min with the parent vessel open 
allowing antegrade flow between injections is provided. 

As the aneurysm is filling, and the Onyx reaches the inflated balloon, 
one must stop the injection and allow the Onyx to solidify. Toward the 
end, a concave modeling of the Onyx can be seen as the balloon protects 
the parent vessel (Fig. 14.116H). Preventing leakage of Onyx into the par- 
ent vessel is important. 

At the end of the treatment and before withdrawing the microcatheter, 
negative pressure is created by reverse drawing with the Onyx syringe, 
waiting 30-60 s, and pulling the microcatheter with the balloon inflated. 

An additional technique is improving the use of Onyx in aneurysm 
treatment: the combination of a balloon-expanding stent placed across 
the neck of the aneurysm, assisted with balloon protection. The stent acts 
as a scaffold so that a seal can be formed at the aneurysm neck, with a lay- 
er of concave Onyx between the vessel wall and the stent cells (Fig. 14.94). 

It is important to place patients on antiplatelets postoperatively, to pre- 
vent delayed distal embolization. Although the early experience in Onyx 
treatment has been met with great enthusiasm, the lack of sufficient ra- 
diopacity can cause leakage of the agent into the parent vessel, with re- 
sulting stenosis or even late occlusion (Fig. 14.1 16K). The lack of adhe- 
siveness has also been a limitation, as we have seen filling around the 
Onyx cast (Fig. 14.116L). 

At this stage, it appears that one of the better indications for Onyx is 
the recurrence after coil compaction (Fig. 14.117). A contraindication for 
Onyx, or any other liquid embolic, is the presence of an artery at the 
aneurysm neck. If it flows into the neck, there is a danger that the Onyx 
will enter such a vessel with undesirable consequences. For example, in 
paraophthalmic aneurysm the origin of the ophthalmic artery must be 
clearly defined. 

If spasm is noted in the parent vessel during catheterization the injec- 
tion of 50-100 pg of nitroglycerin is a very effective way to stop the spasm 
(Fig. 1.48,14.83). 



14.7.3 EVOH in Brain Arteriovenous Malformation Treatment 

Onyx is gaining popularity as an alternative to acrylics in the treatment of 
BAVMs. It is important that the risk of such treatments remain compara- 
ble to that of acrylics, under the natural history of the disease. BAVM 
treatment is targeted to the angioarchitectural weaknesses of the lesion, 
and although total obliteration is ideal, the goal of treatment should be 
clinical at the lowest possible risk (see Chap. 9). 

When EVAL was first used in Japan to treat BAVMs (Taki et al. 1990), re- 
canalization was a problem, as well as vessel necrosis seen at the time of 
surgical excision of the lesions, suggesting a significant toxic reaction, be- 
lieved to be caused by DMSO. 

Onyx has the theoretical advantages of long controlled injections 
through one pedicle and reaching the nidus supplied by another pedicle 
(Fig. 14.118). Catheter gluing in situ is much less likely. The technique re- 
quires flow-guided DMSO-compatible microcatheters such as the Flow- 
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Fig. 14.1 17. A Lateral digital subtraction angiogram of the left internal carotid artery 
demonstrates compaction following coil treatment, with significant refilling of the 
aneurysm. B After Onyx embolization, note the total obliteration of the aneurysm 
and preservation of the carotid artery. C, D One-year follow-up demonstrates stabil- 
ity in the treatment 
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Fig. 14.118A-F. Onyx in brain arteriovenous malformation (AVM). A Lateral digital 
subtraction angiogram (DSA) in early arterial phase of a right temporal arteriove- 
nous malformation. B Frontal DSA in early arterial phase. C Lateral plain film. 
D Frontal plain film of the skull showing the radiopaque cast of Onyx. Note the rela- 
tively low radiopacity of Onyx. E Lateral and F frontal DSAs after embolization, with 
near total obliteration of the AVM. This patient underwent a follow-up angiogram, 
which showed residual malformation and then underwent successful surgical exci- 
sion 



rider or easy Flowrider (Micro Therapeutics, Inc.). The Onyx preparation 
used for BAVM management has 6% lower viscosity than that used in other 
interventions. If the catheter can be wedged and flow control can be ob- 
tained, Onyx injection is facilitated. If no flow control can be obtained, a 
small amount of the material is exposed to blood and allowed to solidify. 
Small amounts are then injected, with the purpose of surrounding the distal 
tip of the catheter so as to form a curl or plug of Onyx that will act an a flow 
restrictor. Once some flow reduction is achieved, progressive injections of 
Onyx follow; as the material reaches an area to be avoided, the injection is 
stopped, the agent is allowed to solidify, and then the injection is restarted. 

Catheter adherence to Onyx has occurred; however, as the technique is 
evolving, better catheters are being designed. Care should be taken not to 
surround the catheter with Onyx. Using more than one pedicle in large le- 
sions will also avoid a number of problems. 
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14.8 Opacifying Agents 

14.8.1 Tantalum Powder 

Tantalum powder is an inert biocompatible metal first reported by Burke 
in 1940. He placed it in the fractured and unfractured tibia and femur of 
dogs and rabbits. Burke could find no detectable microscopic or radi- 
ographic evidence of bone or soft tissue irritation. In 1942, Pudense and 
Ottman showed that strips of tantalum implanted over the surface of the 
brain caused little reaction. Additional uses of tantalum in man have in- 
cluded tantalum plates for cranioplasty (Tindall et al. 1966), with no ad- 
verse tissue reaction even when the tantalum is in contact with nervous 
tissue. Bailey et al. (1952) studied the reaction to powdered tantalum 
introduced into various areas of the nervous system of cats and monkeys. 
The response to tantalum was minimal in all areas except the basilar 
system. 

Tantalum dust (Kenna Metal, Latrobe, PA, USA) came in two prepara- 
tions, tantalum powder, a black powder, and tantalum oxide, a white pow- 
der (Kerber 1980). The powder came in various sizes, the 1- to 2-pm par- 
ticles are best for embolization (Table 14.5). 

This product does not alter the chemical characteristics of the embolic 
agents, but will increase the viscosity of the mixture. It is important to re- 
member that the black tantalum powder may produce skin discoloration 
in white patients (Fig. 14.119), whereas the white powder will not, even in 
black patients. The main disadvantage of tantalum oxide is that it is of 
lesser weight; therefore, more material is needed for similar radiopacity, 
further increasing the viscosity of the mixture. This product no longer 
exists. 




Fig. 14.119A, B. Skin discol- 
oration due to black tantalum 
powder. A 7-year-old girl treat- 
ed with liquid silicone and 
tantalum powder for the man- 
agement of an extensive vascu- 
lar malformation of the max- 
illofacial area. Embolization 
was the only treatment. Note 
the ash discoloration of the 
cheek. B Ten years later, skin 
discoloration is faint but re- 
mains. The patient is free of 
disease and the problem has 
been well controlled for over 
20 years with liquid silicone ex- 
clusively. She has had menstru- 
al cycles without changes in her 
clinical condition. White tanta- 
lum oxide would avoid this 
problem 
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Table 14.5. Opacifying agents and retardants 

Tantalum powder (1-2 pm), black powder 
Tantalum oxide powder (1-2 pm), white powder 
Ethiodol or Pantopaque 

(with acrylics for radiopacity and as a retardant of polymerization) 
Ethiodol as a emulsion with ethanol in a 1/3 Ethiodol to 2/3 98% ethanol 
Acetic acid retardant for acrylics 



14.8.2 lophendylate (Pantopaque) 

Iophendylate (Pantopaque) acts primarily to retard polymerization of 
the acrylics but also adds radiopacity. If decreased viscosity is required 
because of small vessels, distal territory, or tumor embolization, a 75% io- 
phendylate-25% NBCA mixture gives sufficient radiopacity. 



14.8.3 Iodized Oil 

Iodized oil (lipiodol) chemically acts like iophendylate but has a lower vis- 
cosity, which can provide a better distal penetration of small vessels. 



14.8.4 Ethiodol 

In the United States, Ethiodol (Savage Labs, Melville, NY, USA) is the only 
available oil-based iodinated contrast material. It is used in a similar man- 
ner as Pantopaque in combination with acrylics. 

Ethiodol has recently been used with ethanol (Barrows, personal com- 
munication). When used in this manner, it adds radiopacity, and in addi- 
tion increases the viscosity of the mixture and enhances contact with the 
vessel wall. It may be more effective in this manner than metrizamide 
powder, which is no longer available. 



14.9 Chemotherapy 

14.9.1 Intra-arterial Infusions 

There is renewing interest in intra-arterial chemotherapy infusions for 
head and neck tumors, combined with radiation therapy, as an effective 
and simple treatment (Kerber et al. 1998). The technique consists of se- 
lecting lesions in anatomically isolated areas such as the tongue. Selective 
catheterization of, for example, the lingual artery is done, progressively 
increased quantities of contrast material are injected, until the capacity of 
the territory to be infused is determined, by observing reflux of contrast 
material. Once this has been determined, the total dose of the chemother- 
apy medication is delivered at that flow rate, to flood the desired territo- 



1094 14 Technical Aspects of Surgical Neuroangiography 



ry, achieving very high concentrations of chemotherapy in the tissues. 
Although this therapy is still in its beginnings, we have observed tumor 
shrinkage, as reported by Kerber. If indeed these therapeutic strategies re- 
sults are effective, it could be expanded to other areas. 

At present, cisplatinum is the agent used, but in the future other agents 
may be used. In cerebral pathology, these treatments remain limited be- 
cause of logistical problems, the need for repeated treatments, and risk of 
ophthalmic and embolic complications, with long and repeated implant- 
ed devices in the carotid artery. We have used chemotherapy drugs on a 
few occasions with promising results. Functional vascular embolization 
should maximize the efficacy of this approach, make higher concentra- 
tions possible, and decrease toxicity, and they should be encouraged. 



14.9.2 Time-Released Microcapsules (Chemoembolization) 

Time-released microcapsules have created a significant amount of inter- 
est outside the interventional field for many years. Only recently has at- 
tention been paid to the synergetic application of these two modalities. It 
is quite attractive to use the arterial route to deposit microcapsules that 
can very selectively release high concentrations of cytotoxic agents and 
add to the insult the effects of ischemia. It would obviate the need for long, 
tedious, and repeated catheterization and infusions. Unfortunately, there 
has been slow progress in developing reliable time-released microparti- 
cles that are easy to manufacture and use. The principle of microencap- 
sulated agents has been applied to ethyl cellulose (Kato and Nimoto 1978) 
or carnauba wax (Madoule 1981). Although still not in general use, this 
has a very promising role in our pursuit of an endovascular approach to 
various pathological entities and this includes not only currently treated 
hypervascular conditions, but also hypovascular problems that may be 
even more sensitive to ischemic insults. 



14.10 Miscellaneous 

14.10.1 Syringes 

We believe that all syringes should be of the Luer-Lok type. As a matter of 
precaution, syringes used for flushing or contrast injection should be of 
different size and/or marked differently than those used to inject embol- 
ic materials. When learning or testing the flow characteristics in an indi- 
vidual situation, the same type of syringe used to do the testing should be 
used to inject the embolic material or provocative drugs (e.g., Xylocaine, 
Amytal). 

For the injection of Onyx, special syringes that are DMSO compatible 
and are able to inject very accurately at high pressures are needed (see 
sect. 14.7.3). 
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Fig. 14.120. Fleadway self-sealing valves (CathNet-Science SA) that prevent back- 
bleeding and accept 5-F to 9-F catheters 



1 4.1 0.2 Stopcocks and Y-Adapters 

One-way Luer-Lok stopcocks are recommended for ideal fitting. Trans- 
parent plastic stopcocks are best to detect any air bubbles prior to injec- 
tion. However, in superselective work, back flow may not be present; in 
this case, a fluid meniscus is needed to avoid air emboli. 

With the newer embolics, compatibility is important: for example, 
DMSO-compatible connections and the various acrylics. 

When using a coaxial system, Y-adapters, which have a side arm for 
continuous perfusion between the two catheters and can accommodate 
monitoring angiography, are very useful. In addition, a Tuohy-Borst fit- 
ting will make it possible to use catheters or guidewires of a variety of 
sizes without back leakage (Fig. 14.82). 

When using detachable balloons, no proximal washers or Tuohy-Borst 
adapters are used, so as to prevent accidental balloon detachment when 
withdrawing or changing the balloon catheters, or when using the self- 
sealing Headway system (Cathnet-Science, Paris, France) (Fig. 14.120). 

With the increased use of two simultaneous catheter delivery assemblies, 
the use of a triple Tuohy-Borst adapter is very convenient (Fig. 14.82B). 



14.10.3 Tray Containers 

As with the syringes, different containers should be used for contrast or 
embolus material to prevent accidentally mistaking one for the other. 



14.10.4 Flushing Solutions 

Flushing solutions may or may not contain heparin. 

One of the authors (P.L.) uses normal saline without the addition of he- 
parin and gives a bolus loading dose, followed by a continuous infusion, 
depending on the ACT. The others (A.B., K.T.B.), however, use 4,000 IU of 
heparin sulfate for each 1,000 ml of flushing solution. In adults, 0.9% nor- 
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Fig. 14.121. Doppler ultra- 
sound of a normal external 
carotid artery. Note the eleva- 
tion during systole, whereas 
there is no flow during diastole 



mal saline is used, whereas in children a solution of 0.35% normal saline 
and 2.5% dextrose with 2,000 IU of heparin per 1,000 ml of solution is 
used. 

The results and experience are similar with both regimens. 



14.10.5 Corticosteroids 

The use of prophylactic steroids may be of benefit to reduce postem- 
bolization pain and swelling. We routinely administer 4 mg of Decadron 
t.i.d. 3 days after the procedure and tapered over the next 3 days. 



14.10.6 Normal Physiology of the External Carotid Arteries 

To best understand flow control as it relates to embolization, a brief analy- 
sis of normal physiology of the external carotid artery is necessary. 

The normal hemodynamic characteristics of the external carotid ar- 
tery are the absence of diastolic flow as demonstrated by Doppler ultra- 
sonography (Fig. 14.121). Therefore, embolus injection during diastole 
carries a higher risk of reflux. As a general principle, particulate emboli 
are injected in small intermittent injections during systole. 

Du Boulay and Darling (1975) demonstrated, in the baboon, the arteri- 
al autoregulation response down to a blood pressure of 60 mmHg. 

This autoregulatory mechanism is noted to be more effective in the in- 
ternal maxillary and pharyngeal-occipital system, whereas in the facial 
artery no real autoregulatory mechanisms were noted. Vasoconstriction 
in response to hypertension is a function of large and medium-sized ar- 
teries, while true autoregulation is seen in more distal branches. 
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14.11 Flow Control 

14.11.1 Introduction 

Flow control refers to our ability to alter the flow characteristics in abnor- 
mal or normal territories. It may represent a deliberate increase, decrease, 
or arrest of flow, using proximal and/or distal collateral circulation, with 
the aim of reaching a target, sparing normal noninvolved territories. It 
may be accomplished using a variety of techniques, including changes in 
systemic blood pressure, the use of a wedge catheter or microcatheters, 
calibrated-leak balloons, occlusive, double-lumen balloon catheters, man- 
ual compression, rate of injection, etc. All share the aim of reaching a tar- 
get and sparing normal tissue. Flow control can be achieved at the larger, 
more proximal circulation (Fig. 14.122) or at more distal smaller anasto- 
mosis (Fig. 14.123) at the circle of Willis, or leptomeningeal collaterals 
(see “Flow Control in the Cerebral Area”). 

We originally introduced this concept in the embolization of the lentic- 
ulostriate arteries (Berenstein 1981), the maxillofacial region (Berenstein 
et al. 1983), and then extended the concept to the rest of the craniofacial 
area using the craniofacial and cervical collateral circulation (Lasjaunias 
1986; see Vol. 1). 

In the cerebral and spinal cord circulations, the complexity and small 
size of the vasculature, the vitality of the tissue being supplied, and the 
distal location within the vascular system require modification of some 
of the techniques used in the craniofacial area. Permanent mechanical 
rerouting of flow, for example, even temporary, may not be tolerated in the 
CNS due to the sensitivity of CNS tissue to hypoxia. 

Flow manipulations in the cerebral circulation and spine and spinal 
cord will follow. 



1 4.1 1 .2 Flow Control in the Craniofacial Area 

In our analysis of the functional anatomy of the head and neck, we have 
illustrated the various anastomoses between the neighboring territories. 
Some involve greater risk than others, as the anastomoses supply more vi- 
tal territories: the visual system, brain, peripheral nervous system, and the 
mucosal and musculocutaneous territories (Fig. 14.124). Anastomoses 
must be respected; their presence, however, is not a contraindication to 
embolization, but some type of control in the direction of their flow is 
mandatory for safe and proper embolization (Fig. 14.122). 
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Fig. 14.122A-C. Reversal of flow in an endangered anastomosis. A Lateral subtrac- 
tion angiogram of the left occipital artery supplying a meningiosarcoma invading 
the sigmoid sinus. The catheter is wedged in the occipital artery ( arrowhead ), ob- 
taining flow control of the proximal segment of the occipital artery from the tip of 
the catheter to the C2 anastomosis ( arrowhead ). The increased pressure of injection 
forces contrast material toward the distal occipital artery ( curved arrow). B The in- 
jection is stopped, arrested contrast material is seen from the wedged catheter ( solid 
arrow) until the C2 anastomosis (arrowhead). The nonopacified flow from the verte- 
bral artery is reversed at C2 and washes out of the distal occipital artery ( open curved 
arrow). The reversed flow on C2 can therefore be used to push the emboli into the tu- 
mor. C Postembolization monitoring of the occipital artery. The tumor has been em- 
bolized with 40 pm Gelfoam powder (o) while the anastomosis has been preserved. 
Note that at this rate of injection, the C2 collateral has reserved its flow and now fills 
the vertebral artery (star) and basilar system (arrows) 
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Fig. 14.123A-C. Mechanical protection of an endangered anastomosis with a push- 
able coil. Hemangiopericytoma (also see Fig. 2.4). A Subtracted angiogram of the left 
occipital artery. Catheterization distal to the C2 anastomosis (open arrow ) could not 
be accomplished (1979). While attempting distal catheterization, spasm in the occip- 
ital artery at and distal to the transmastoid branches was produced ( small arrows). 
B A minicoil (0.038 in.) was used to block the endangered anastomosis ( curved ar- 
row). Note the preferential flow toward the tumor with no filling of the normal distal 
occipital artery. Complete flow control exists and is dependent on the rate of injec- 
tion. C Toward the end of the embolization, the endangered anastomosis is still pro- 
tected (curved arrow), the tumor has been embolized with 40 pm Gelfoam powder. At 
this pressure of injection, flow is antegrade to the distal occipital artery (open curved 
arrow). Although powder has been used, thanks to the reversal of flow all the distal 
microanastomosis between the occipital and superficial temporal arteries (curved 
arrow) have been preserved thanks to the reversal of flow 
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4 ) Peripheral Nervous System Territories 



Mucosal Territories 
© Vertebral Anastomosis 

Fig. 14.124A-E. Diagrammatic representation of the various territories and the bidi- 
rectional flow through the collateral circulation. A Lingual and facial arteries. B Prox- 
imal internal maxillary artery. C Distal internal maxillary artery. D Ascending pha- 
ryngeal and cervical arteries. E Occipital artery 
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74. 7 7 . 2. 7 Protection of an Endangered Anastomosis 
Mechanical Blockage 

The simplest and most obvious way to protect an endangered anastomo- 
sis is to mechanically block it. This can be done with pushable coils, in- 
jectable liquid coils, detachable coils, or a particulate agent. After this 
anastomosis is blocked, embolization can be done with microparticles, 
liquid agents, or other embolic agents (Fig. 14.123). 

Reversal of Flow in an Endangered Anastomosis 

Flow can be reversed with an occlusive balloon catheter proximal to the 
anastomosis or with a wedged catheter. The aim is to impose the flow 
through the endangered anastomosis away from the endangered territory 
(the vertebral artery, for example) and redirect the flow towards the non- 
distal target or lesion (Fig. 14.122A).This reversed flow will assist, or push, 
the emboli toward the abnormality. Prior to embolus injection, various 
test hand injections are done to determine the tolerance and/or pressure 
needed not to fill the anastomosis. When one sees contrast material flow- 
ing toward the anastomosis, one stops or decreases the rate of injection; 
fluoroscopy will show that the contrast material is reversed and is washed 
out by nonopacified blood toward the abnormal territory (Fig. 14.122B). 
As the embolization begins, the contrast and embolus mixture is gently 
injected and monitored as the nonopacified reversed blood flow away 
from the vertebral artery washes the emboli distally toward the desired 
territory. As the embolization is progressing, it can be noted that the 
washout is slowing and more careful injections are required. When the 
flow is significantly slowed, the embolization is stopped (Fig. 14.122C). 

This maneuver can be done at any level, from larger vessels such as 
the occipital to vertebral anastomosis (Fig. 14.122), or at a more distal lo- 
cation. 

Protection of an Endangered Anastomosis by Distal Catheterization 

An obvious safety feature is the catheterization beyond the endangered 
point. With today’s microcatheters and microguidewires, this is virtually 
always possible. 



74. 7 7 . 2.2 Intralesional Flow Control 

Monocompartmental vascular lesions such as some vascular malforma- 
tions, some paragangliomas, and some intratumoral AVFs may allow us to 
reach the nidus within the lesion through a feeding pedicle. This will make 
it possible to use the less critical or endangered pedicle, sparing the more 
vital one. To determine if this is possible prior to embolization, a relatively 
high-pressure, high -volume injection is done with the aim of overcoming 
the intralesional pressure to reflux into the others. 

Multiple test injections with contrast material are done to determine 
the rate of injection and to estimate the volume of embolic agent needed 



1102 14 Technical Aspects of Surgical Neuroangiography 




Fig. 14.125A-C. Balloon flow reversal in a capillary-venous vascular malformation. ► 
A Selective right facial injection demonstrates filling of the collateral circulation with 
filling of the inferior to superior masseteric arteries ( small arrows), transverse facial 
(arrows), and distal facial arteries (broad arrows), mid mental to inferior dental (bro- 
ken arrows), buccal to internal maxillary artery (open arrowheads), and the infraor- 
bital point (flagged arrow), with only modest opacification of a capillary venous vas- 
cular malformation of the submental area. B Using a double-lumen occlusive balloon 
catheter in the proximal facial artery (flagged arrows), one can fill the capillary ve- 
nous vascular malformation to best advantage. Note, the superior ascending palatine 
circumferential artery (open curved arrow) and only very modest opacification of the 
distal facial artery. Under fluoroscopic monitoring, the reversal of the flow through 
the collateral anastomotic pathways towards the lesion could be seen. C This permit- 
ted an excellent microembolization with 40 pm Gelfoam powder (arrowheads) pre- 
serving the collateral circulation. B,C see p. 1103 



to occlude the nidus without reflux into the endangered vessels. This tech- 
nique is best accomplished with liquid emboli such as acrylics. We must 
emphasize that a good understanding of all the factors involved is manda- 
tory to accomplish this result safely. 



74 . 7 1.2.3 Occlusive Balloon Flow Reversal 

In hypervascular lesions that do not have a sump effect or when there is 
no preferential flow, injection of emboli into a feeding pedicle may not 
reach the lesion and/or only partially occlude it. Many of the emboli will 
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C 

Fig. 14.125B, C. Legend see p. 1 102 
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therefore enter normal territories. Since the collateral anastomosis can 
carry flow in either direction, a double-lumen balloon catheter placed 
proximally at the origin of an artery can be used, for example, with the fa- 
cial artery (Fig. 14.125). This will then force a reversal of flow though the 
collaterals from the maxillary, transverse facial, or opposite side to supply 
the facial territory (and therefore a lesion in its territory). One must have 
absolute control in the proximal facial trunk. If contrast material is pro- 
gressively injected, one can observe nonopacified blood pushing the con- 
trast material into the lesion. If the right pressure of injection is used all 
of the contrast will then enter the abnormality, sparing the normal terri- 
tory (Fig. 14.125). The same maneuver is then repeated with the appropri- 
ate size of microparticles until the lesion is devascularized. 



74. 7 1.2.4 Functional Rearrangement of the Supply to a Territory 

Functional rearrangement of the supply to a territory is primarily used 
for rearrangement in malignant lesions prior to infusion chemotherapy 
when an entire territory needs to be infused through a single pedicle or a 
lesion with bilateral supply must be disconnected and converted into a 
unilateral one. 



74.7 7.2.5 Surgical Flow Control 

Surgical ligation of the anterior ethmoidal arteries or nasal branches of 
the ophthalmic artery is a very useful adjunct to lesion with dual supply; 
this will convert the lesion to a purely external carotid artery lesion. It is 
also used to control epistaxis in some cases. 



1 4.1 1 .3 Flow Control in the Meningeal Arcade and Dural Surfaces 

The blood supply to the dural surfaces is rich and involves the maxillofa- 
cial, craniocervical, orbital, and cerebral circulations. These arcades sup- 
ply blood to the cranial nerves and anastomosis in this area is a potential 
danger, while understanding its dynamics offers great opportunities to 
safely treat lesions in these territories. The functional anatomy of these 
territories is essential to the understanding and planning of treatment in 
a variety of diseases, including dural-based tumors and dural vascular 
malformations or shunts. They play an important role in occlusive vascu- 
lar disease as potential collaterals and sources of emboli, as well as in the 
proper assessment of lesions involving the base of the skull, craniocervi- 
cal, and convexity linings (see Volume 1). 



14.11.4 Flow Control in the Cerebral Circulation 

In the cerebral circulation, the complexity and small size of the vascula- 
ture, the vitality of the tissue being supplied, and the distal location with- 
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Fig. 14.126A-I. Flow reversal at the level of a gyrus. A Left vertebral artery injection 
shows a vascular malformation. B Plain film after embolization of the inferior por- 
tion. The microcatheter is in the most superior part of the malformation. C-E Su- 
perselective injection at that level, with the catheter wedge obtaining flow arrest in 
this position, demonstrating a normal calcarine artery distal to the malformation. 
With the wedge catheter, flow reversal can be demonstrated by first injecting contrast 
material (C), filling the more distal territory, and by stopping the injection with the 
catheter still in the wedge position. See the washout of the contrast material in a re- 
verse fashion (D, E, curved arrows). F-I see p. 1106 



in the vascular system require modification of some of the techniques de- 
scribed in the craniofacial area. Permanent mechanical rerouting of flow, 
for example, even if temporary, may not be tolerated in the CNS due to the 
sensitivity of CNS tissue to hypoxia. 

Flow manipulations in the cerebral vasculature can be used for more 
distal catheterization (induced systemic hypertension), to reverse flow in 
the circle of Willis in an attempt to cross the anterior or posterior com- 
municating arteries (contralateral manual compression in the neck). As in 
previously discussed territories, a wedged microcatheter can be used to 
reverse flow at the level of a gyrus (Fig. 14.126) or through leptomeningeal 
collaterals, to determine the safety of focal endovascular ligations 
(Fig. 14.126) and prevent liquid agents from permeating unwanted terri- 
tory. Despite such helpful techniques, there is no replacement for anatom- 
ical knowledge. 
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Fig. 14.126 ( continued ). F Plain film shows the deposition of a 1.2 x 1-cm liquid coil 
(BLC; curved arrow) to protect the normal artery and prevent the NBCA from perme- 
ating that territory. G Superselective injection after the BLC deployment demonstrates 
filling exclusively of the malformation. H Plain film of the skull demonstrates the ra- 
diopaque embolic acrylic in the nidus of the malformation, preserving the normal ar- 
tery. I Angiogram of the internal carotid artery after embolization demonstrates the 
same branch filling through leptomeningeal collaterals ( small arrows). Compare to C 



74. 7 7 . 4. 7 Distal Catheterization 

In some situations, distal catheterization is not possible, either because of 
the size of a vessel or its tortuosity. Flow in such cases can be augmented 
by raising the systemic blood pressure (Fig. 14.127) or by temporarily oc- 
cluding a neighbor or contributing artery, thereby producing temporary 
compensatory vasodilatation. The resultant flow increases in turn facili- 
tate more distal navigation. Although valuable, such techniques are sel- 
dom needed with the availability of the smaller microcatheters and mi- 
croguidewires (Fig. 14.128). Staged embolization may allow a remaining 
channel to enlarge for future catheterization. 
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Fig. 14.127A-G. Distal superselective catheterization. A Lateral and B frontal digital 
subtraction angiograms (DSAs) of the right internal carotid artery show a distal 
small-vessel vascular shunt (arrow). C Frontal superselective views of the micro- 
catheter in the very small distal vessel. D Last image hold after NBCA injection 
demonstrating the acrylic cast. E-G see p. 1108 
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Fig. 14.127 ( continued ). 

E-G Postembolization angio- 
grams demonstrate preserva- 
tion of normal arteries and 
drainage of the vein that used 
to drain the arteriovenous 
shunt in normal sequential 
fashion 



74 . 77 . 4.2 Flow Reversal 

Since the arterial system and its collaterals and anastomosis can carry 
flow in either direction, the flow can be artificially modified. Flow modi- 
fication or reversal is possible and may be used at different levels of the 
cerebral circulation. 

Modification at the Circle of Willis 

Temporary occlusion at the level of the cervical internal carotid arteries is 
a simple and very useful technique to redirect flow across the anterior 
communicating artery, to enter the anterior cerebral artery, or when at- 
tempting catheterization of a medially originating perforator (Berenstein 
1981). The reversal of flow can be accomplished by simple manual com- 
pression of the contralateral internal carotid artery at the neck. Occlusion 
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Fig. 14.128A-D. Superselective 
catheterization with a 1.2-F 
Magic MP hydrophilic catheter 
(Balt, Paris, France). A Frontal 
digital subtraction angiogram 
(DSA) demonstrates a small 
arteriovenous malformation 
supplied by the lenticulostriate 
arteries, with a false aneurysm 
of the venous side. B DSA of 
1.2-F Magic microcatheter. 

C NBCA cast. D Postemboliza- 
tion angiogram showing small 
residual shunt 




of the contralateral internal carotid artery can alternatively be accom- 
plished either by manual compression or with a single- or double-lumen 
balloon catheter placed in the cervical internal carotid artery (Berenstein 
1981). The technique is also applied to the cervical vertebral artery or ar- 
teries when attempting to enter the posterior communicating artery or 
one of its branches via catheterization of the internal carotid artery. With 
currently available microcatheters and microguidewires, these maneuvers 
are seldom needed. 
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Modification at the Cortical Level 

Flow control with a wedged microcatheter can be used to reverse the flow, 
to protect a normal territory distal to the abnormality. Acrylic is delivered 
selectively into the nidus without the liquid embolic reaching the un- 
desirable territory, with preservation of the distal (normal) artery. 

Modifications can be achieved at the gyral, leptomeningeal, and/or 
watershed level (Fig. 14.126). 

When superselectivity cannot clear a normal branch and the feeder to 
be embolized is en passage, the microcatheter is advanced into the normal 
artery. With the catheter in a wedged position, contrast material is inject- 
ed, the distal territory is opacified; when the injection is stopped, flow 
control remains over a segment of the artery, up to the first branches that 
have reversed their flow by collateral circulation, confirming alternative 
supply to that territory. If this can be confirmed, it is safe to gently inject 
a short liquid 0.010-in. coil, which will act as a focal endovascular ligature 
and as a buffer, preventing the liquid embolic agent from entering the nor- 
mal territory. Once this is accomplished, distal penetration into the lesion 
can be safely achieved (Fig. 14.126). The demonstration of such viable col- 
lateral flow is of major significance. It provides indirect evidence that if 
the particular pedicle is blocked proximally, there will be no ischemic 
consequences. However, it also illustrates a potential source for revascu- 
larization of a territory if proximal occlusion occurs. 

The necessary force and rate of injection to accomplish flow reversal is 
mastered by the repeated injections of contrast material under fluoro- 
scopic monitoring prior to liquid embolization, which is done in a similar 
manner (Fig. 14.126). One must nonetheless be aware that once the first 
acrylic column polymerizes, the flow characteristics change immediately, 
unlike contrast material. 

A fistula supplied by two anastomotic sources can be occluded in a sim- 
ilar manner without the need for a balloon (Fig. 14.104). It is important to 
note is that contrast material will travel and wash out, whereas acrylic will 
eventually polymerize, stop, and then be redirected; however, the tech- 
nique is simple and can be easily monitored fluoroscopically. If proper 
control cannot be accomplished the acrylic can be injected in two move- 
ments, first by injecting a small amount of embolic agent, observing it as 
it enters the proximal part of the normal vessel, and waiting for several 
seconds to allow polymerization. Additional embolic liquid can then trav- 
el only toward the desired territory. 

A variation in this technique is useful when, in addition to attempting 
to preserve the distal normal runoff, one must preserve the proximal seg- 
ment of the pedicle through which the injection is being made. In this 
case, a push or sandwich technique to deposit acrylic can be used. In the 
push technique, a small volume of embolic material (0.05-0.2 ml, less than 
the catheter dead space, and depending on the territory to be occluded) is 
placed in the microcatheter and a controlled bolus injection of 5% dis- 
tilled water is done to push the acrylic into the lesion. We rarely use this 
push technique in brain embolization but it may be used in the spinal 
cord. 
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14.11.4.3 Flow Arrest 

Flow arrest using a wedged catheter (Moret, unpublished data) may be of 
assistance to permit longer injections of liquids, which will result in bet- 
ter filling of the nidus (Fig. 14.109). 



14.11.4.4 Systemic Hypotension 

Manipulation of the systemic blood pressure is another means to alter the 
flow in the malformation and surrounding brain. Better filling of the 
nidus is thus possible, as the malformation is directly dependent on the 
systemic blood pressure, whereas normal brain is dependent on autoreg- 
ulation. Controlled lowering of the systemic blood pressure will produce 
vasodilatation of the normal brain, while diverting flow away from the 
malformation and slowing flow through the nidus. The slowing of flow in 
the nidus is clearly seen on fluoroscopy with better opacification of the 
AVM (Fig. 14.1). If hypotension is used, the catheter should be close to the 
malformation, with no normal vessels between the catheter tip and the 
nidus. In such cases, the security point (Fig. 14.5) is brought forward, and, 
if a normal vessel exists within the location, it will dilate and can be easily 
penetrated by the liquid emboli. 



14.1 1.4.5 Catheter Withdrawal 

Prior to the injection of embolic agents, one must check that no proximal 
leaks exist in the system. The microcatheter and introducer are then 
checked and all excess catheter removed before embolization to ensure 
proper response when withdrawing the microcatheter and/or introducer. 
Before withdrawing the microcatheter, suction is applied to the catheter at 
the end of injection. 

Prior to embolization, one must determine the security point of venous 
occlusion, defined as the point in the venous system past which no em- 
bolic material should penetrate. In general, this point is proximal to 
the opening of the first normal vein. The best example is in VGAM, in 
which the outflow to the fistula is specifically occluded to trap the fistula 
(Fig. 14.129). 
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Fig. 14.129 A-D. Legend see p. 1113 
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< Fig. 14.129A-F. Mini-Torquer (Nicomed, Paris, France) used without guiding catheter. 
This is best in newborns or young infants. A Lateral view of the right internal carotid 
artery demonstrates hypertrophy of the anterior cerebral artery supplying two mu- 
ral fistulae ( asterisk and arrowhead). B Lateral view of the left vertebral artery 
demonstrates hypertrophy of choroidal arteries ( curved arrows ) with indirect filling 
of the malformation. C Lateral view of superselective catheterization, using the Mini- 
Torquer, of the choroidal branch of the anterior cerebral artery ( curved arrow). Note 
the sump effect with opacification of only one fistula ( arrowhead ). D Plain film of the 
radiopaque cast primarily in the more proximal fistula (*) and in the narrow outflow 
of the venous obstacle (arrow). E Postembolization angiogram of the right internal 
carotid artery shows occlusion of the fistula (*). F Monitoring of vertebral artery in- 
jection confirms the obliteration of the fistula and regression of the collateral circu- 
lation without the need to treat these vessels. The same arrows correspond to the 
same branches as seen in B. Note that even the subependymal supply has regressed 



14.11.5 Spine and Spinal Cord 

14.1 1.5. 1 Technical Aspects of Endovascular Treatment in the Spine 
and Spinal Cord 

Although the principles of endovascular treatments in the spine and 
spinal cord are homogeneous with the other territories (Fig. 14.5), the re- 
lation between the spinal canal, spinal dural cover, and the spinal cord is 
unique in its arrangement (Figs. 2.12, 2.13, Vol. 1). Within the blood sup- 
ply of the spinal cord, the various connections and anastomoses provide 
an understanding of an individual arrangement and make it possible to 
select the best and safest route to reach the lesion, as well as assess the re- 
sult of the intervention (Fig. 14.130A-C). 
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Fig. 14.130. A Frontal subtraction angiogram of a selective injection of the radicu- 
lomedullary artery of the cervical enlargement feeding a cervical arteriovenous mal- 
formation. Note the anastomosis (arrow) to the radiculomedullary contribution 
from the left vertebral artery ( arrowhead ) to the contribution from the contralateral 
artery of the cervical enlargement (arrow). Also note the descending portion of the 
anterior spinal axis (curved arrow), which can also originate from the left supreme 
intercostal artery. All three arteries supply the same compartment; the left-side con- 
tribution is indirectly supplying the shunt. B Selective injection of the artery of the 
cervical enlargement on the left showing the same anastomosis (arrow) and the in- 
direct collateral on the ventrolateral aspect of the cord (long arrow). C Selective in- 
jection of the artery of the cervical enlargement on the right (curved arrows) shows 
filling of the malformation and reflux into the various supplying pedicles, including 
the artery of the cervical enlargement, from the left vertebral artery (arrows) and the 
supreme intercostal contribution to the anterior spinal axis (long arrow). (Same pa- 
tient as in Fig. 14.134) 



The embolization of spinal lesions is discussed in Chap. 13 of this vol- 
ume, including the angiographic protocols and the embolization in the in- 
dividual spinal canal segments. 

In the spinal cord, understanding the collateral circulation in the spinal 
cord arterial system is necessary to safely treat the majority of cases, fol- 
lowing our principle of targeted embolization into the weakness of the an- 
gioarchitecture and how it relates to the clinical picture, discussed in 
Chaps. 11 and 12 of this volume. 
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Fig. 14.131A-D. Distal 
catheterization in the lower cer- 
vical ASA. A AP of the ascend- 
ing cervical artery supplying an 
arteriovenous malformation of 
the surface of the spinal cord. 

B Superselective catheteriza- 
tion of a pial artery. C Acrylic 
cast. Note the arterial and 
venous safety points (see 
Fig. 14.5B). D Postembolization 
angiogram, with preservation 
of the ASA 







1116 14 Technical Aspects of Surgical Neuroangiography 




Fig. 14.132A-I. Distal catheterization in the spinal cord and anatomical rearrange- 
ment. A Left T9 injection shows a surface arteriovenous malformation (AVM) nidus. 
B distal catheterization into the pial artery C Angiogram after NBCA. A small pial 
branch remains; the vein is persevered. D-I see pp. 1117, 1118 



Embolization of Spinal Cord Arteriovenous Malformations 

Spinal cord arteriovenous malformations (SCAVMs) should be treated a 
priori by endovascular techniques alone or as the first part of a combined 
approach. 

The techniques of endovascular treatment of SCAVMs will depend on 
the anatomical and hemodynamic characteristics of the lesion and on the 
ability of superselective catheterization. In general, whenever possible, in- 
jection of liquid acrylic is preferred, since it is best for obtaining perma- 
nent results, and can be accomplished by redistribution of flow or by su- 
perselective catheterization very close to the nidus of the malformation. 
On occasion, the use of particulate embolic material may be dictated by 
safety considerations. 

Presently available catheterization techniques have significantly ad- 
vanced the technical capabilities of superselectivity. These techniques 
provide the potential of reaching the nidus in a very high proportion of 
patients and make it possible to preserve normal vessels, even in the ter- 
ritory of the anterior spinal artery (Fig. 14.131, p. 1115; Fig. 14.132). In our 
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Fig. 14.132 ( continued ). D Monitoring study from the PSA ( arrowheads ) shows the 
true residual AVM. E Superselective catheter position (arrow). A flattening of the 
MEPs occurred after a 40-mg Xylocaine injection. F Advancement of the micro- 
catheter (arrow) demonstrates the distal PSA, the basket (arrowheads), including the 
ASA (curved arrows ). G-I see p. 1118 



experience, the use of liquid embolic agents such as IBCA and/or NBCA 
are best for obtaining a lasting result. In general, small amounts of acrylic 
material (0.3-0.6 ml) are usually sufficient to reach the goal. Reflux of 
acrylic (even in minuscule amounts) in the spinal circulation carries a 
higher risk of permanent damage than in the craniofacial or brain areas 
(Fig. 14.131). Therefore, even if complete obliteration is not achieved, 
penetration into the nidus is the goal (Fig. 14.132). We believe that the 
chance of reflux from one deposition of liquid acrylic is less than that of 
multiple injections of particles. 

Flow-Control Embolization in the Spinal Cord 

The sequence of pedicles to be embolized in the anterior spinal artery ter- 
ritory varies. In general, the closest pedicle to the nidus is embolized first. 
At times the circulation may have to be manipulated to reach the target or 
protect a territory (Fig. 14.132G). 
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Fig. 14.132 ( continued ). G A BLC liquid coil ( arrows ) is injected to prevent liquid em- 
bolic material from permeating the territory. Tip of the microcatheter ( large arrow) 
Previous glue cast from the ASA ( arrowheads ). H New NBCA ( curved arrow). I Final 
image of the right PSA shows the true small residual shunt 





The principles of flow reversal flow control and redistribution of flow, 
illustrated in the head and neck, also apply in the spinal cord. However, the 
longitudinal axis of the spinal cord and the segmental contributions to the 
anterior and posterior axes, their bidirectional flow, circumferential anas- 
tomosis, and the critical neurological tissue they supply all combine to 
imply specific points of both caution and opportunity. 

Flow control and flow reversal can be obtained with a wedged catheter 
(Fig. 14.133), or by balloon catheters (although balloons are not frequent- 
ly used in the spinal cord). With fluoroscopic monitoring, one can esti- 
mate the rate of injection to permit the antegrade washout of embolic ma- 
terial toward the lesion. If the catheter tip is at a distance from the nidus, 
one can use particles (Fig. 14.134). 

In the anterior spinal artery, flow control can be accomplished by vari- 
ous means. If the contribution is from two or more pedicles, the pressure 
of injection can be altered to recognize and control the balance of supply. 
In superselective or wedged injections at a low pressure, one can see dilu- 
tion from reversed nonopacified blood; at higher pressure, the flow is re- 
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versed toward the major pedicle feeding the nidus, producing the dilu- 
tion, which can then be seen. This information can subsequently be 
translated to the flow, and pressure at which to inject embolic material 
(Fig. 14.133C-E) or the anatomy may be rearranged with a liquid coil 
(BLC) (Fig. 14.132). 

Flow control and flow reversal or protection can also be achieved with 
more than one catheter. In such cases, one catheter is used to deliver the 
embolic material while the other is used in a wedged position for protec- 
tion of the normal territory (Fig. 14.33E, G). 

If a pedicle is too small for catheterization, it maybe left for the end of 
the procedure. If the nidus is not completely occluded, the small feeder 
may enlarge secondarily and catheterization may then be possible to 
reach the nidus (Fig. 14.133A, J). 

Whenever possible, the radiculopial arteries are used first to embolize 
the lesion, leaving the anterior spinal artery or posterior spinal artery col- 
laterals as the means to control the results of embolization (Fig. 14.132). 
On occasion, a particulate embolic agent such as PVA is injected into the 
radiculomedullary artery to reduce flow or to prepare the territory for de- 
finitive acrylic embolization via the radiculopial arteries. 

In lesions supplied exclusively by the anterior spinal axis via multiple 
perforators of the sulcocommissural arteries, liquid embolic agents may 
not be usable and particulate agents may be used as free-floating emboli 
to permit the progressive obliteration of the nidus with preservation of 
the anterior spinal axis (Fig. 14.134). Theron et al. (1986) reported on five 
patients in whom the anterior spinal artery supply was embolized with 
PVA, with apparently good results. In two patients, follow-up angiograms 
failed to demonstrate revascularization of the lesion. We have also seen 
two such patients (Fig. 14. 134). As a palliative measure, PVA is useful. Even 
if some recanalization is seen, repeated embolizations can then be done. 
Merland and Reizine (1987) has observed clinical stabilization of patients 
with deteriorating neurological function or even clinical improvement 
with a very low rebleeding rate. If no alternative exists, particulate em- 
bolization may allow us to gain time as new technologies arise. 

Particles are also used if at a distance from the target (Fig. 14.134) and 
may be effective, as determined by the absence of recanalization in follow- 
up angiograms, which should be done even if the patient is asymptomatic, 
especially if embolization is performed with particles. The size of the an- 
terior spinal artery can be seen to regress if the nidus is occluded. 

Particles should be used with caution, however, as it is possible for re- 
canalization of the nidus but not the feeder to occur, making future em- 
bolization impossible. 

In spinal cord high-flow fistulae, the principle of occlusion is the same. 
The goal is to reach the fistula and occlude the venous site, preserving the 
anterior spinal artery axis (Fig. 14.135). 

In metameric lesions or extraspinal malformations, coaxial techniques 
are advantageous, as the lesions are usually high-flow with tortuous feed- 
ers. In such patients, care must be taken not to damage spinal cord vascu- 
lature, which may not be well visualized in a high-flow pedicle. When the 
spinal cord is involved, attention is focused on treating the spinal cord 
with the same principles used in treating other SCAVMs (see Chap. 11). 
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Fig. 14.133A-P. Flow control and flow reversal for protection in a cervical spinal cord 
arteriovenous malformation (SCAVM) in a patient who presented with two episodes 
of hematomyelia. A Right vertebral artery injection demonstrates a small contribu- 
tion at the cervical enlargement from the right vertebral artery (arrow). B Left verte- 
bral artery injection shows indirect contribution from the anterior spinal artery at the 
cervical enlargement (arrow). C Right ascending cervical and D left ascending cervical 
injections demonstrating the bidirectional flow in the anterior spinal axis. The point of 
anastomosis is clearly seen (arrowhead). On the right-side injection (C), there is ante- 
grade flow toward the left-side contribution (curved arrow). Continued on p. 1 121 
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Fig. 14.133 ( continued ). On the left-side injection (D), the flow is reversed toward the 
anterior spinal artery perforator. E Superselective injection from the right side. Note 
flow control over the right-side radicular contribution (arrow) until it becomes di- 
lated from the left side ( open curved arrow). F At a higher pressure of injection ( short 
arrow), there is downward filling of the anterior spinal axis ( long arrow). G A second 
microcatheter is advanced through the left side for catheterization of the sulcocom- 
missural artery ( arrowhead ). The right side catheter is producing flow arrest from 
the right side contribution (arrow). H Digital subtraction angiogram. Last image 
hold of the acrylic deposition showing the radiopaque acrylic in the nidus of the mal- 
formation. I Postembolization angiogram of the left ascending cervical contribution. 
Note preservation of the anastomosis to the right side (curved arrow) and toward the 
descending portion of the anterior spinal artery (arrow). Continued on p. 1122 
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Fig. 14.133 ( continued ). J Postembolization angiogram of the right vertebral artery, 
ascending cervical component. Note enlargement of the radicular contribution as 
compared to pre-embolization (A). Superselective catheterization of the pedicle of 
the right vertebral artery in early (K) and later (L) phases. Note the position of the 
microcatheter (arrowhead). This vessel could not be catheterized prior to its second- 
ary enlargement after the embolization (L). A pressure injection shows retrograde 
filling of the anterior spinal contribution of the left vertebral artery ( curved arrow). 
M Postembolization plain film demonstrating the radiopaque cast of the malforma- 
tion. N Right vertebral postembolization image. 0 Left vertebral artery angiogram 
with no filling of the malformation. P Very late phase of the same injection shows 
some stagnant contrast material in the region of the nidus and no drainage 
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Fig. 14.134A-C. Embolization of a sulcocommissural artery using PVA (same pa- 
tient as in Fig. 14.130). A Left supreme intercostal injection demonstrates the lower 
portion of the anterior spinal artery axis supplying the lower portion of the spinal 
cord arteriovenous malformation. B Left vertebral artery injection demonstrates the 
artery of the cervical enlargement and the upper portion of the anterior spinal artery 
axis supplying the upper portion of the malformation. C Postembolization of the 
supreme intercostal artery with preservation of the anterior spinal axis and no filling 
of the malformation. Note the anterograde flow toward the artery of the cervical en- 
largement and its origin in the vertebral artery ( long arrows). There is complete stag- 
nation in the region of the original nidus (20-year follow-up) 
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Fig. 14.135A-F. High-flow ASA arteriovenous fistula (AVF). A Digital subtraction 
angiogram of thyrocervical contribution to an AVF of the ASA. B Right vertebral ar- 
tery and C left vertebral artery show monocompartmental venous drainage, evidence 
of an AVF in a 4-year-old child. D-F see p. 1125 



Spinal Cord Monitoring 

Spinal cord monitoring may be of assistance during spinal cord angiog- 
raphy and embolizations. One of the authors (A.B.) uses monitoring rou- 
tinely, the other two do not, with no difference in outcome and complica- 
tions. Nonetheless, we all agree that monitoring cannot substitute for a 
proper understanding of the potential hazards or benefits of a specific 
vessel or collector and its relationship to the perforators or suppliers to 
the spinal cord (see Vol. 1, Chap. 2). 

Monitoring maybe divided into: (a) electrophysiological, (b) chemical 
(using inhibitors of neurological function), or (c) a combination of both, 
which may add safety and reliability. 

Electrophysiological Monitoring. In the spinal cord, electrophysiological 
monitoring is best accomplished by the use of somatosensory-evoked 
potentials (SEPs) (Berenstein et al. 1984b; Young and Berenstein 1984, 
1985; Hacke et al. 1983) and more recently with motor-evoked potentials 
(MEPs). 
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Fig. 14.135 ( continued ). D A single GDC in the venous side of the fistula resulted in 
total occlusion of the lesion (E). F Thyrocervical angiogram confirms the occlusion; 
this vessel was only used for monitoring 



Angiographic examinations and embolizations are performed under 
general anesthesia. If electrophysiological monitoring is used neuroleptic 
agents such as opiates are used; inhalation agents cannot be used. 

Chemical Monitoring. Provocative testing in conjunction with electro- 
physiological monitoring is done with the injection of a depressant of 
neurological function (Wada 1960). We use 50-75 mg of amobarbital su- 
perselectively injected at the site of future acrylic injection (Berenstein et 
al. 1984b), supplemented with 40 mg of Xylocaine to test the axonal func- 
tion. Interestingly, Xylocaine appears more sensitive than Amytal. 

Embolization of Spinal Dural Arteriovenous Fistulae 

The presence of a spinal dural arteriovenous fistula (SDAVF) is an indica- 
tion for treatment in all patients, as the risks of endovascular or open sur- 
gery are minimal and the possible benefits are multiple. This applies even 
to patients with apparently fixed neurological deficits. 
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Fig. 14.136A-D. Legend see p. 1127 
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The main objective of treatment of SDAVFs is to occlude proximally the 
draining vein as it exits the arteriovenous shunt, thereby ensuring occlu- 
sion of the microfistulae. The occlusion is done within the first millime- 
ters of the vein (Figs. 1.136) or before its opening into the pial network. In 
sacral lesions, the long draining vein can be occluded over several cen- 
timeters, as it only reaches the medullary veins at the conus level (see 
Chap. 12, this volume). In our experience, this occlusion is possible in 81% 
of patients. Clinical improvement can be seen in the majority and in the 
remaining patients progression of the congestive myelopathy is usually 
arrested. 

The only significant contraindication to endovascular treatment of 
SDAVF occurs in patients in whom the anterior spinal artery originates 
from the same pedicle as the SDAVF (Fig. 14.46) (Merland et al. 1980a, b). 
Patients in whom proper selective catheterization is technically not possi- 
ble or in whom the extraspinal longitudinal anastomosis cannot be safely 
cleared to prevent accidental embolization to the anterior spinal artery 
(Fig. 14.5) are also not candidates for endovascular treatment. 

When embolization can be done, the lesion can be closed in the great 
majority of patients in a very safe manner. If endovascular therapy is un- 
successful, surgery (duraplasty) can then be performed. Transvascular 
embolization with a liquid agent (such as cyanoacrylates) should there- 
fore be the first mode of treatment in patients with SDAVFs. Only when it 
is contraindicated (see above) or fails (20% of our patients) should sur- 
gery be done. 

As we pointed out at the beginning of this section, the goal of treatment 
is occlusion of both the fistula and the proximal vein. In view of the small 
size of the afferent arteries and the fistula itself (in the 40-60 pm range), 
only a low- viscosity liquid agent, such as IBCA (isobutyl-2-cyanoacrylate) 
or NBCA (N-butyl-cyanoacrylate) can reach the nidus and proximal vein. 
Particulate agents, such as polyvinyl alcohol (PVA) or dura mater will not 
be effective or may only give temporary good results. Almost invariably 
their use results in recanalization and recurrence (Hall et al. 1989; Morgan 
and Marsh 1989). Particles will not penetrate effectively to obtain com- 
plete cure and we consider them contraindicated in the endovascular 
management of SDAVFs. 

Closure of SDAVFs using an acrylic agent is best accomplished with a 
mixture that will have a long polymerization time, such as 40% IBCA or 



■4 Fig. 14.136A-D. Spinal dural arteriovenous fistula (SDAVF) of the sacrum. A Coaxi- 
al system with a variable-stiffness microcatheter ( curved arrow) showing the arteri- 
al component ( small arrows) and the shunting site ( arrowhead ), with its ascending 
venous drainage ( small curved arrow). Note the retrograde filling of the contralater- 
al dural supply to the sacrum (arrow). B Later phase of the same injection with bet- 
ter filling of the right lateral sacral artery ( large arrows); curved arrows demonstrate 
the ascending venous drainage. C Digital subtraction angiogram of the acrylic dep- 
osition at the time of embolization shows the cast of the SDAVF and occlusion of the 
distal segment of the right lateral sacral contribution, and the beginning of the drain- 
ing vein ( arrowhead ). D Verification of left internal iliac injection; there is no filling 
of the SDAVF and good opacification of both the right lateral sacral artery (arrow) 
and the medial sacral artery (large arrow). This confirms that there is no filling of the 
lesion 
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NBCA and 60% iophendylate. It can be injected with a simple superselec- 
tive catheter or with a coaxial assembly system. The acrylic-iophendylate 
mixture can be injected in a continuous column (Fig. 14.136) or using a 
sandwich or push technique. In any case, the technical goal of therapy is 
occlusion of both the nidus and the proximal portion of the afferent vein. 
The use of sufficient tantalum powder insures good monitoring and aids 
in preventing the distal migration of acrylic into the medullary veins. 

As in other anatomical locations, the collateral circulation of the 
meninges of the spinal area must be reached for both occlusion of the nat- 
ural collaterals and follow-up postembolization studies (Fig. 14.136). 



14.12 Postembolization Care 

14.12.1 Head and Neck 

In routine head and neck embolizations, the usual precautions following 
a percutaneous femoral stick are followed. Unless a percutaneous closure 
device is used, bed rest is indicated for 5 h. In situations where detachable 
balloons are used or major cerebral arteries are occluded, bed rest for 
24-48 h is warranted as well as standing orders for antiemetics, as severe 
vomiting can potentially dislodge a balloon. Analgesics for the most part 
are given on a p.r.n. basis, as pain is usually not a problem. In the man- 
agement of some patients with giant aneurysms or with carotid cavernous 
fistula (CCF), severe headache will occur as the lesion is thrombosing. 

These types of headaches will require heavier analgesia, including nar- 
cotics. In general, headache lasts 3-5 weeks before subsiding. Following 
VAF repair, a soft neck collar is advisable for better stabilization. 



14.12.2 Cerebral Arteriovenous Malformations 

The postoperative care of patients with cerebral vascular malformations 
after embolization by the endovascular route is minimal. The principles 
previously discussed as to blood pressure monitoring, fluid restriction, 
anticonvulsants, corticosteroids, etc., have been reviewed. In general, it is 
best to avoid abrupt rises in systolic blood pressure in the postoperative 
period, bed rest is primarily related to the puncture site, and ambulating 
is resumed the following day. 



14.12.3 Intradural Aneurysms 

The care of patients with intradural aneurysms is evolving. At present, 
various protocols can be followed, depending on the operator’s use of per- 
cutaneous closure devices. 

In the majority of patients, we use systemic heparinization for 24-36 h. 
depending on the neck size, and exposure of coils to the parent vessel, in 
an ICU setup. In selected cases we may opt for longer-term antiplatelet 
medication, which is individualized to the patient. 
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If no percutaneous closure devices are used, or cannot be used, the in- 
troducer sheath is left in place while the heparinization is maintained. 
Connecting the side arm of the sheath to a continuous pressure monitor- 
ing device will prevent complications at the puncture site in a fully he- 
parinized patient, which if unattended may even be fatal. 

If a percutaneous closure device is used the patient’s medical condition 
and presentation in an ICU setup primarily dictate the management. 



14.12.4 Spinal Arteriovenous Malformations 

After spinal cord AVM embolization, bed rest for the first 24 h is followed 
by progressive elevation of the head in patients with cervical lesions. In 
those with thoracolumbar malformations, the legs should be above the 
heart level to assist in drainage. In patients with spinal dural AVMs with 
stagnant flow, a period of postoperative heparinization maybe warranted. 



14.13 Complications of Embolization 

14.13.1 Complications of Head and Neck Embolization 

14.13.1.1 Neurological Deficit 

In head and neck embolization, cerebral and/or ophthalmic complica- 
tions can occur in 0.25%- 1% of cases. This warrants close cooperation 
with clinicians familiar with the management of stroke. Although in gen- 
eral there is little that can be done, the use of volume expanders, hyper- 
tensive medications, or EC-IC by-pass (Fig. 14.2) should be considered in 
the individual situations. 

The use of a recovery room and/or ICU with strict bed rest is advisable, 
with patients undergoing occlusion of a major cerebral vessel (e.g.,the in- 
ternal carotid and vertebral artery). 



14.13.1.2 Cranial Nerve Deficit 

Cranial nerve deficits are directly related to the blood supply to those 
nerves. The vascular anatomy is described in Vol. 1. We do not do provoca- 
tive testing, as most of our patients are under general anesthesia. With fa- 
miliarity with the vascular anatomy, complications are rare. 

Cranial nerve deficits can be secondary to compression by mass effect, 
as can direct percutaneous ethanol sclerotherapy for maxillofacial mal- 
formations. Large-dose corticosteroids given preoperatively and facial 
monitoring can avoid the majority of such complications. 
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74. 13. 1.3 Postoperative Swelling 

In most arterial embolizations, swelling is not a problem; if it occurs it 
starts within 24 h. Usually it reflects embolization of normal territory 
(similar to trismus), resolves spontaneously in a few days, and responds to 
corticosteroids when needed. On the other hand, painless swelling after 
direct alcohol injections for venous lesions (Fig. 14.111) is the rule. No 
treatment is generally needed; however, if there is a problem with closure 
of an eye or airway impairment, IV diuretics and postural drainage is in- 
dicated. 



74. 13. 1.4 Skin Necrosis 

If skin necrosis occurs in skin that is going to be part of the resection, no 
special care other than hygiene is needed (Figs. 14.102, 1.114). If necro- 
sis develops in normal skin, it will heal spontaneously by granulation 
(Fig. 14.112). Only when a previously compromised territory is em- 
bolized, or if too large, will grafting be needed. In the authors’ experience, 
only on one occasion was grafting needed. Local care with antibiotic oint- 
ment, or Silvadene or Aquaphor, which decrease bacteria, is used until 
granulation is ensured (Fig. 14.112). 



14.13.2 Complications of Cerebral Embolization 

Major complications of cerebral embolization include ischemic episodes, 
which may be either temporary or permanent. Distal migration of embol- 
ic material into normal territory (stroke), embolization of the venous side 
or pulmonary circulation, and hemorrhage (subarachnoid and/or intrac- 
erebral) are also possible and may present either during the procedure or 
in the immediate postoperative period. Gluing of a microcatheter is less 
common but still possible. In the treatment of patients with aneurysms, 
stenosis, or occlusions of the parent vessel, embolic complications and va- 
sospasm (usually secondary to previous subarachnoid hemorrhage) may 
occur. 



14.13.2.1 Medical Therapy for Acute Ischemic Stroke 

One of the most important complications that can occur during endovas- 
cular procedures in the CNS is acute ischemia and stroke (see Chap. 1 , this 
volume). Potential etiologies are multiple. Ischemia may follow an embolic 
complication from autologous clot secondary to endovascular manipula- 
tion (Figs. 14.100, 14.101), result from traumatic dissection of a major 
cerebral artery or from the iatrogenic introduction of an air bubble or 
other foreign material. Perhaps the gravest complication is that of the in- 
jection of embolic agent into an undesired location. Therapy for this com- 
plication is limited, due to the high sensitivity to hypoxia and ischemia of 
the CNS. Therefore, immediate aggressive therapy is pursued in the hope 
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of salvaging areas of partial ischemia or a penumbra prior to the devel- 
opment of tissue death. The aim of therapy in such instances is preserving 
maximal brain tissue viability to maximize neurological recovery. It is a 
fact that infarcted brain tissue cannot be revived, but it is also recognized 
that functionally impaired brain tissue with critically reduced blood flow 
may not undergo irreversible ischemic damage if sufficient blood flow is 
maintained or rapidly restored. Therefore, the main goal of therapy is to 
preserve as much as possible of the ischemic penumbra area, which rep- 
resents tissue that is dysfunctional from ischemia but not irreversibly 
damaged. 

The clinical management of stroke is based on a presumed pathophys- 
iology of arterial occlusion; little experimental data exists on venous in- 
farctions. In the complications that follow BAVM embolization, a signifi- 
cant, if not the most frequent, cause of postoperative symptoms is proba- 
bly related to venous dysfunction. The following discussion, although 
based on experimental and clinical work relating to arterial occlusion, ap- 
plies to improving the microcirculation at the venular level as well. 

Acute ischemic stroke therapy is geared toward seven major elements 
of potential therapeutic intervention: 

1. Immediate recanalization 

2. Microcirculation 

3. Antiplatelets 

4. Anticoagulation 

5. Biorheological factors 

6. Antiedema agents 

7. Pharmacological protection (Yatsu et al. 1987) 



14.13.2.2 Recanalization 

If autologous blood clot occludes a normal artery during the procedure, 
resulting in a neurological deficit, reperfusion can usually be accom- 
plished by the direct local intra-arterial thrombolysis (LIAT), with the 
superselective injection of urokinase (UK) or tissue plasminogen activa- 
tor (r-TPA) into the clot itself. Urokinase, if available, is very effective in 
acute clot lysis secondary to endovascular procedures (Fig. 14.101). A 
starting bolus of 30,000-50,000 IU is required, followed by infusion of up 
to 1,500,000 IU over 2-3 h. At present, r-TPA is the only available drug 
for intra-arterial thrombolysis and appears as effective as UK (see 
Sect. 1.2.4.14, Chap. 1, this volume). Caution is needed in postoperative pa- 
tients, those with a previous and recent hemorrhage, and those in whom 
the lesion is still patent. In the acute treatment of subarachnoid hemor- 
rhage (SAH) secondary to a rupture aneurysm, if a thromboembolic com- 
plication occurs at the beginning or during the coiling, the lesion must 
first be secure, i.e., coiled first, and then very local and selective clot lysis 
will follow (Fig. 14.99). In addition, close observation at the arteriotomy 
site is mandatory. 

In BAVM treatment, distal embolization is very rare, but can occur. Ear- 
ly recognition should be followed by immediate revascularization. In such 
occurrences, further embolization of the lesion is deferred to a later time. 
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The recent introduction of GPA Ilb/IIIa is a major addition to our ar- 
mamentarium in a rapidly progressive cascade of events, and given IV or 
IA, can impressively lyse otherwise unresponsive clot formation or prop- 
agation (Fig. 14.101; see Sects. 1.2.4.6, 1. 2.4.7, Chap. 1, this volume). 

In addition to thromboembolic complications, mechanical devices such 
as coils, balloons, etc. can be the cause of complications, and it may be nec- 
essary to remove them, either transvascularly or surgically (Chalif 1987); 
reocclusion will result and a dilatation may be needed (see Figs. 14.150, 
14.165). 



74 . 7 3.2.3 Microcirculation Agents 

No clear-cut agent is effective in the protection of the microcirculation; 
however, naloxone, an opiate antagonist, is potentially useful. Although no 
solid evidence confirms its value, some investigators feel justified in using 
naloxone because it is harmless and inexpensive. Furthermore, a report by 
Hosobuchi in 1982 suggested a beneficial effect. The recommended dose 
of naloxone is 0.4-1. 2 mg IV and is given in the acute period (Yatsu 1987). 

Vasopressor agents may carry the risk of causing intracerebral hemor- 
rhage; they may be used occasionally to carefully elevate the diastolic 
pressure and initiate improvement. Vasodilators such as prostacyclins 
show no clear benefit. They may, in fact, produce an intracerebral reversal 
of flow, or the so-called Robin Hood effect, by stealing blood from the 
poor or ischemic tissue and diverting blood toward normal brain. 



14.13.2.4 Antiplatelets 

Platelet hyperaggregability may occur within ischemic tissue immediate- 
ly after the acute ischemic event; therefore, the use of an antiplatelet agent 
in the acute stages may be beneficial to prevent propagation or augmen- 
tation of thrombosis. Aspirin or dipyridamole can reduce the recurrence 
of infarctions seen in patients with transient ischemic attacks. Their exact 
value in treating acute ischemic complications due to interventional en- 
dovascular procedures or their ability to prevent propagation of venous 
occlusion is unknown. Antiplatelet drugs can thus be reserved for patients 
in whom there is evidence of repeat and/or propagation of ischemic or 
embolic phenomena secondary to a foreign body, stagnation in a major 
vessel, or the unwanted remnant of a device in the vascular system. In our 
experience, this has only been a theoretical possibility, as in clinical prac- 
tice. Even when endovascular catheters have been left glued in a major 
cerebral artery, there has been no delayed thromboembolic complication. 



14.1 3.2.5 Anticoagulation 

An anticoagulation agent such as heparin is used to prevent propagation 
of clot. It may be the first line of response when a distal embolus is iden- 
tified; a period of 10-20 min under full heparinization is warranted, and 
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may result in revascularization without further, potentially more danger- 
ous interventions. 



14.13.2.6 Biorheological Factors 

Biorheological manipulations to reduce blood viscosity may be one of the 
most valuable measures in the treatment of stroke. Blood viscosity is pri- 
marily related to the hematocrit, fibrinogen concentration, and erythro- 
cyte flexibility; these are the various factors to be considered in improv- 
ing regional blood flow in the areas of ischemic penumbra (Wood 1987). 
Sufficient evidence exists to recommend biorheological manipulation in 
the management of some acute complications of iatrogenic embolization. 

The understanding of hemorheology may be important in the manage- 
ment of the acute complications of endovascular occlusion of normal ter- 
ritories. In regions of focal cerebral ischemia, blood flow slows distal to a 
narrow or occluded cerebral artery segment. This slowing results in a vi- 
cious circle wherein elevation of blood viscosity further compromises 
perfusion and ischemia deepens. Reversibility of the neuronal insult de- 
pends on the severity of ischemia and on the ability to provide sufficient 
collateral circulation to maintain viability. 

Animal studies have demonstrated significant elevation of regional 
cerebral blood flow in focally ischemic brain following hypervolemic in- 
fusion of autologous plasma or low-molecular-weight dextran (Wood 
and Fleischer 1982). Wood’s group has also demonstrated that the vol- 
ume of hemispheric infarction could be decreased by as much as 60% in 
animals, which received two serial infusions of low-molecular-weight 
dextran, each equal to 20% of the total blood volume. The effect of hy- 
pervolemic hemodilution on brain perfusion is greater in regions of low 
blood flow and may be related to infusion-induced alterations in blood 
viscosity. 

Although reduction in hematocrit results in a decrease in blood oxygen 
content, an actual increase in oxygen delivery to tissue occurs as the 
hematocrit is lowered to approximately 30%. In clinical practice Wood 
and co-workers (1987) evaluated low-molecular-weight dextran or 5% 
serum albumin solutions in patients with ischemic stroke; an improve- 
ment in regional cerebral blood flow and in electroencephalographic 
changes occurred. In addition, the induced augmentation of regional 
cerebral perfusion correlated inversely with hematocrit. Strand (Strand et 
al. 1984), in Sweden, confirmed the beneficial effect of hemodilution but 
suggested that isovolemia may decrease the possibility of edema or fluid 
overload. An acute reduction in hematocrit using phlebotomy and the use 
of low-molecular-weight dextran infusions to produce an isovolemic he- 
modilution were recommended. In patients with acute cerebral ischemia 
lasting less than 48 h, an improvement in neurological scoring in the first 
10 days occurred in 85% of those treated with isovolemic hemodilution, 
whereas only 64% of the control group showed improvement. At the 3- 
month follow-up, both groups had similar mortality rates. In the surviv- 
ing group of hemodiluted patients, however, the final outcome was signif- 
icantly better. There were three times more patients able to walk than in 
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the surviving control group. Thus, hemodilution therapy improved the 
overall clinical outcome of these patients. 

Our own experience supports the beneficial use of isovolemic hemod- 
ilution in the treatment of acute complications of vessel occlusion during 
endovascular procedures. In four instances, dramatic reversal of the neu- 
rological deficits occurred within less than 48 h in all patients treated with 
isovolemic hemodilution immediately after appearance of symptoms. 

Possibilities for the future may include the use of pentoxifylline, an in- 
hibitor of fibrinogen synthesis, with a significant decrease in blood vis- 
cosity and plasma fibrinogen concentration. In addition, improved an- 
tiplatelets and erythrocyte filterability improved in patients with cerebral 
vascular disease, as reported by Ott in 1983. He treated patients for 
6 weeks with pentoxifylline, claiming that these patients experienced sig- 
nificantly fewer ischemic episodes than did control patients. Similar regi- 
mens may also be used in patients with severe stenosis and ischemic man- 
ifestations. 

Wood also noted the type of patient in whom hemorheological manip- 
ulation will not be beneficial. These include patients with intracerebral 
hemorrhage and increased intracranial pressure and patients with brain- 
stem lacunar infarction. 

It appears that the best regimen is the one recommended by Strand et 
al. (1984), i.e., isovolemic hemodilution by phlebotomy and simultaneous 
infusion of an osmotically active agent. This regimen resulted in a re- 
duced mean hematocrit, from 43% to 30%-37%. Treatment should be 
administered in an intensive care unit, using a central venous line for 
monitoring volume status and blood osmolality to prevent complications, 
including acute tubular necrosis. More caution must be exerted in older 
patients. Properly monitored, this regime is safe and offers a rational 
means to immediately improve blood flow in the area of ischemic penum- 
bra. The duration of therapy will vary from a minimum of 72 h to a max- 
imum that depends on the ability to taper the infusion while maintaining 
the level of improvement obtained during the course of treatment. 

Other regimens of hemodilution involve continuous infusion of man- 
nitol (Jafar et al. 1986). This has been used in patients with vasospasm 
secondary to SAH. Mannitol is a diuretic and therefore a large volume 
of replacement fluid is needed to prevent nephrotoxicity (acute tubular 
necrosis). The use of pentoxifylline or perfluorocarbons to accomplish 
viscosity reduction remains to be proven. 



14.13.2.7 Antiedema and Pharmacological Protection Agents 

Brain edema due to ischemia or infarction may compromise autoregula- 
tion, produce mass effect, and further decrease tissue perfusion. The var- 
ious antiedema agents include mannitol or furosemide, and may be of use 
as temporary measures to avert herniation syndromes. As noted in the 
preceding section, continuous infusion of mannitol has been used in 
some patients with vasospasm, with apparently promising results (Jafar et 
al. 1986), primarily as a biorheological agent. Steroids, which can reduce 
vasogenic edema, seen primarily in tumors, have no effect on the cyto- 
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toxic edema customarily accompanying stroke and are therefore of no 
value in the management of stroke. 

The brain has an exquisite vulnerability to ischemia or anoxia due to its 
high demands for metabolic substrate. The reduction in these metabolic 
demands will theoretically avert or minimize brain injury but this tenet is 
still unproved. The use of barbiturates has not proven to be of benefit for 
ischemic tissue, although they may be used to obtain a decrease in inter- 
nal cerebral pressure. Ca 2+ channel blockers offer a potential means of 
averting the reversible ischemic damage triggered by cellular influx of 
Ca 2+ . In addition, Ca 2+ channel blockers may produce vasodilatation in 
the microcirculation. At present there is no good evidence supporting 
their effectiveness but they may be useful prophylactically. 



74. 7 3.2.8 Additional Measures 

The obvious measures of general medical care to maintain proper cardio- 
vascular competence and other medical needs in the acute stage of stroke 
must be considered. 

Revascularization may be useful in very specific instances in which an 
intracranial approach to by-pass or reopening of an iatrogenically oc- 
cluded vessel may be warranted. This has been true for patients with pre- 
maturely detached balloons in whom immediate surgical intervention 
and removal of the foreign body may be life saving (Chalif 1987). 



14.13.3 Hemorrhage 
74. 73.3. 7 Generalities 

Hemorrhagic complications of endovascular embolizations include both 
subarachnoid and intracerebral hemorrhage. Differentiation is important 
because the treatment may differ significantly. Angiography may be help- 
ful in differentiation, but an immediate CT is of more value in planning 
surgical treatment, as it will clearly determine if a hematoma is present, 
its size, location, effect on the surrounding brain, and whether there is ex- 
tension into the ventricular system, etc. 

The availability of a properly trained and multidisciplinary team that is 
familiar with the acute care of patients with these types of emergencies 
and the need for endotracheal intubation and other types of resuscitation 
measures can be the key factor in the final outcome. 

The hemorrhagic complications of embolization can be divided into 
those that occur during the procedure and those that occur after the pro- 
cedure. 

Bleeding that occurs during the procedure may be related to rupture of 
a cerebral artery during catheterization (Berenstein 1980c; Khangure and 
Apsimon 1989), rupture of an aneurysm, or to rupture of the AVM itself. 
In the first instance, the most common cause is balloon overdistension 
and occurs mainly with the older-model balloons such as the silicone Ker- 
ber calibrated-leak balloons. With the smaller, softer, latex balloons, with 
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Fig. 14.137A-C. Extravasation of contrast material. A Early and B later phases of 
the superselective injection in a posterior thalamoperforating artery with a small, oc- 
clusive, calibrated-leak balloon ( arrowhead ); oblique view. Note the vessel filling 
( curved arrow) and the extravasation into the prepontine cistern ( open arrowhead). 
B The microcatheter was removed ( arrowhead ) and there is further extravasation 
(open arrowheads). Note the appearance of the contrast material delineating the pre- 
pontine cistern. C Axial CT demonstrates extravasation into the fourth ventricle 
( open arrowhead), prepontine cistern ( curved arrow), and cerebellopontine cisterns 
(arrows) 
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a large enough leak and good memory, vessel rupture is less likely. At pres- 
ent rupture may follow guidewire trauma and is very rare, or occur in 
acute aneurysms. 

There may be a short delay between the occurrence of the hemorrhage 
and its clinical manifestation. Thus, immediate recognition of extravasa- 
tion fluoroscopically can be life saving. Fluoroscopically, various findings 
should alert one to the possibility that a vessel has been damaged. When 
using a balloon for angioplasty, the balloon shape changes if no washout 
of the contrast material is seen. If contrast appearance does not conform 
to the expected vessel shape, or if frank extravasation is seen (i.e., contrast 
material taking the appearance of a sulcus or cistern) (Fig. 14.137), one 
must be ready to immediately seal off the vessel (Berenstein 1980c). The 
catheter is left in place as the fastest means to accomplish hemostasis. The 
microcatheter itself may be tamponading the leak, and if withdrawn fur- 
ther bleeding can occur, as the vessel may not be able to retract. Catheter 
flushing is stopped to avoid additional extravasation. 

Immediately after stabilization, a control low-volume angiogram is 
done as well as a CT, which will further guide management. The CT ap- 
pearance of SAH cannot differentiate blood from extravasated contrast 
material. The purpose of CT is to determine if a surgical lesion exists 
(Fig. 14.138). If using an over-the-wire or similar microcatheter and ex- 
travasation is noted, a coil, preferably of the detachable type, can be used 
to seal the hole; as the coil is advanced, the microcatheter is withdrawn (V. 
Halbach 1990, unpublished data). If using a flow-guided micro catheter, 
immediate injection of a small amount of acrylic maybe needed. 



74 . 7 3.3.2 Brain Arteriovenous Malformation Rupture 

An additional cause of intraoperative hemorrhage is a small remnant of 
malformation or a very small branch that remains at or near the em- 
bolized pedicle (Fig. 14.139) after occlusion. This situation can be avoid- 
ed by completely sealing the pedicle at time of acrylic deposition. 

Intraoperative hemorrhage is also caused by occlusion of the venous 
outflow, without occluding the inflow. Embolic material reaching the ve- 
nous side of an AVM is not an infrequent occurrence. It is usually of no 
consequence and may even be advantageous, as it may promote complete 
thrombosis of the lesion, provided the nidus and afferent pedicle are also 
occluded. 

Venous migration manifests itself fluoroscopically as the column flow 
is changed in diameter or the diameter of the acrylic (or other liquid em- 
bolic agent) column abruptly increases (Fig. 1.134D). This change in col- 
umn diameter indicates filling of the fistulization site, with flow from 
other sources washing or spreading the polymerizing acrylic column into 
the periphery of the vein (Fig. 14.139). When radiopaque acrylic is seen to 
enter the venous side, the injection of additional NBCA should not be 
discontinued but should actually be speeded up to seal off the shunt and 
prevent further migration of glue (see Vol. 3, “Vein of Galen Aneurysmal 
Malformation”). Alternatively, the injection is resumed 1-2 s later to per- 
mit polymerization of the portion that has reached the fistula. 
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Fig. 14.138A-G. Postembolization hemorrhage. A Lateral view of the left internal 
carotid artery, mid-arterial phase, demonstrates the remaining middle cerebral sup- 
ply ( curved arrow) to a temporal vascular malformation in the mid-temporal gyrus. 
B Last vessel to be embolized ( curved arrow) shows small distal vessels going toward 
the malformation en passage (arrowheads). C Catheterization of the remaining sup- 
ply (arrows). There is no normal vessel filling. D Digital subtraction angiogram from 
the acrylic deposition, which is radiopaque. The tip of the catheter has been removed 
(arrow). E-G see p. 1 139 
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Fig. 14.138 ( continued ). E Immediate postembolization angiogram demonstrates 
extravasation at the site of occlusion ( arrowheads ). A small contribution to the mal- 
formation remains (arrows). F Mid phase of the same injection shows additional ex- 
travasation ( arrowhead ), associated with an increase in mass effect and a small 
amount of filling of the malformation ( curved arrow) and draining vein ( open curved 
arrow). G Immediate CT scan demonstrates the large mass effect, with hemorrhage 
extending into the ventricular system 
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Fig. 14.139A-D. Low thrombogenicity of the cyanoacrylate. A Late phase of the left 
internal carotid artery demonstrates an arteriovenous malformation with drainage 
through a hypertrophied cortical parietal vein ( curved arrow). B Plain film of the 
skull after NBCA embolization. Note the migration of the radiopaque acrylic through 
the vein ( open white arrow) and the dilution of the cyanoacrylate layering against the 
vessel wall by nonopaque blood. C Immediate postembolization angiogram in the 
late phase demonstrates contrast material passing around the cyanoacrylate ( white 
curved arrow). D A 6-month follow-up angiogram demonstrates patency of the same 
vein. There is no delay thrombosis to the intraluminal cyanoacrylate 



Migration of embolic material into a major sinus structure such as the 
straight sinus is potentially dangerous. In most cases, however, as the un- 
polymerized acrylic reaches a large venous structure, it will either frag- 
ment or layer against one of the vessel walls without occluding it, either 
acutely or later (Fig. 14.139D). This lack of occlusion testifies to the me- 
chanical nature of cyanoacrylate occlusion with no or minimal delayed 
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Fig. 14.140A-D. Intraoperative 
aneurysm rupture. A Basilar 
aneurysm. B Frontal road map 
image. The coil is projecting 
beyond the aneurysm dome 
and was associated with an 
abrupt rise in blood pressure. 

C Plain film and D follow-up 
angiogram show the coils at the 
end of the procedure. Note the 
extravascular coil (arrow) and a 
good coiling of the aneurysm. 
Simultaneous additional coil- 
ing and a ventriculostomy were 
placed 




thrombosis. Migration of embolic material into the pulmonary circula- 
tion is usually asymptomatic, even with relatively large amounts in adults 
(Capan et al. 1983). However, in newborns or infants with a compromised 
cardiopulmonary system, even small amounts of embolic material escap- 
ing into the lungs can result in death (Berenstein 1980c). 

On rare occasions, a hemorrhage has occurred some hours after em- 
bolization (2-24 h). The cause is usually difficult to establish and its man- 
agement is that of other causes of hemorrhage. 

De novo seizures following embolization should be considered as a 
sign of hemorrhage until CT proves different. 



14.13.3.3 Aneurysm Rupture 

The acute rupture of an aneurysm during endovascular treatment is an 
emergency that requires simultaneous immediate and expeditious re- 
sponse by the team. First is the obvious need to recognize that a rupture has 
occurred. Acute systemic blood pressure elevation is an important indica- 
tor that ICP has sharply risen. Medical management is imperative, usually 
administrated by the anesthesiologist. Recognizing that a coil, for example, 
is beyond the confines of the aneurysm even if no other clinical or radi- 
ographic change occurs should be handled as a perforation (Fig. 14.140). 

Contrast material extravasation into the subarachnoid space, intraven- 
tricular space, or into the parenchyma is a grave situation (Fig. 14.141). 

If rupture has occurred, or it is suspected, in addition to the obvious 
support measures (ensuring airway, reversing anticoagulation, etc.), im- 
mediate and expeditious continuation of the aneurysm occlusion must 
proceed. At the same time or immediately after placing an external ven- 
tricular drainage (EVD) is a life-saving maneuver. 
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Fig. 14.141A, B. Intraoperative 
rupture. Grade IV subarach- 
noid hemorrhage. A Anterior 
communicating aneurysm. 

B Road map image shows the 
extravasation ( curved arrows). 
C The perforation is sealed 
with coils (arrow). The last coil 
is placed in the aneurysm. 

D Postembolization digital sub- 
traction angiogram. The bleed- 
ing was stopped, the patient did 
not recover 



In more than 1,000 aneurysm treated by the three authors of this vol- 
ume, rupture has occurred in 1% of cases. All except one occurred in pa- 
tients with recently ruptured aneurysms. Recovery can usually happen in 
good-grade patients, whereas in poor-grade patients, although the hem- 
orrhage was stopped, the patients never recovered (Fig. 14.141). 

The best way to deal with a rupture is to prevent it from occurring. In 
the acute phase following SAH, in the presence of an obvious nipple, i.e., 
very small aneurysms, dense packing should not be forced, especially if 
there is a small neck, as the lesion will most likely thrombose on follow- 
up (Fig. 14.142). Even in larger neck lesions, with some residual aneurysm, 
protection against bleeding should be provided. If later there is recur- 
rence or residual aneurysm, recoiling can be done later more safely. 
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Fig. 14.142A-C. Grade II sub- 
arachnoid hemorrhage. A Basi- 
lar artery aneurysm, with a 
lateral nipple. B Immediate 
postembolization angiogram. 
There is some remaining fill- 
ing. To avoid rupture in acute 
aneurysm treatment, no further 
packing was done. C At 1-year 
follow-up, the aneurysm was 
totally occluded 




14.13.3.4 Arterial Stenosis 

Stenosis of a cerebral artery can follow balloon detachment or may be 
caused by the neck of the balloon (Fig. 14.143). Angioplasty of the stenotic 
segment at the level of the balloon is usually possible using a second non- 
detachable balloon. Arterial stenosis or impeachment may follow aneu- 
rysm treatment with coils or liquids; if no stagnation or clot formation, it 
can be observed in the procedure room with sequential angiograms. Only 
if it is progressive or if emboli are forming is intervention indicated. The 
use of antiplatelet medication, GPA Ilb/IIIa, may suffice in controlling the 
problem (Fig. 14.101). If medical therapy is not sufficient revasculariza- 
tion by mechanical means is usually effective. Balloon angioplasty may 
be effective in balloon stenosis; however, in coil protrusion, the coils re- 
turn to their original location after balloon angioplasty. A more effective 
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Fig. 14.143A-H. Recanalization and angioplasty. A Frontal view of the left vertebral 
artery injection shows a basilar aneurysm ( curved arrow) with a second dome ( dou- 
ble arrow ) proximal to an arteriovenous malformation (AVM). The patient present- 
ed with compression of the left pons by the aneurysm. B A no. 9 Debrun balloon filled 
with HEMA (hydroxy-methylmethacrylate) was detached in the proximal dome 
( curved arrow). Note the stagnation of contrast material on the second dome ( double 
arrow). C Frontal and D lateral angiograms of the left vertebral artery after balloon 
(b) detachment. There is complete exclusion of the aneurysm and preservation of all 
normal branches. E-H see p. 1145 



M 
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Fig. 14.143 ( continued ). E Some 36 h later, the patient became comatose. Frontal dig- 
ital subtraction angiogram of the left vertebral artery 30 min later demonstrates oc- 
clusion of the distal basilar artery (arrow) with clot. The balloon ( b ) has come down 
slightly. F After immediate intra-arterial infusion of 150,000 UI of urokinase (inter- 
mittent bolus injections of 5,000-20,000 UI at a time), the basilar tip was repermeat- 
ed. However, there was no filling of the right posterior cerebral artery occluded by the 
balloon. G After angioplasty to reposition the balloon, the posterior cerebral artery 
on the right (curved arrow ) was repermeated. H After a second angioplasty, there was 
filling of both posterior cerebral arteries; b, balloon. A significant portion of the AVM 
was also embolized, the patient recovered 
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measure may be, if possible, to place a stent to keep the coil away from the 
vessel lumen (Fessler 2000). We have never needed to do such a maneuver. 



14.13.3.5 Vasospasm 

Cerebral vasospasm during navigation is infrequent. We have seen it al- 
most exclusively when treating patients in the acute stage after hemor- 
rhage. Therefore, embolization of cerebral AVMs is usually delayed 
6-8 weeks after hemorrhage, as the risk of rebleed from the AVM in this 
period is minimal. The use of Ca 2+ channel blockers has been advocated 
as a prophylactic measure to prevent vasospasm during cerebral naviga- 
tion (Merland, unpublished data) and should be given 24 h prior to the 
procedure. We use it primarily in young females as a prophylaxis measure, 
and it is usually effective. Spasm can occur at the level of the internal 
carotid artery when the introducer catheter is wedged, is at a sharp curve, 
or is frequently moved. For the most part, slight proximal withdrawal of 
the introducer will be sufficient to relieve the spasm. In the few patients 
with hyperreactive vessels, preoperative Ca 2+ channel blockers may be 
useful. If severe spasm is a problem the procedure can be stopped and re- 
peated after Ca 2+ channel blockers have been given. It is important to rec- 
ognize this spasm to avoid inadvertent steal from the opposite side or 
from the posterior circulation (see Chap. 6, this volume). 

When large-caliber guiding catheters are used, when using multiple 
catheters in the brachiocephalic arteries, or in the spinal vasculature 
catheterization, spasm may occur. A very effective way to deal with such 
spasm is the intra-arterial injection of 50-100 pg of nitroglycerin 
(Figs. 14.83, 1.48). 



14.14 Follow-Up 

It is the responsibility of the surgical neuroangiographer to monitor the 
benefits or lack of benefits in his or her patients. Therefore periodic clin- 
ical monitoring is advisable. The use of follow-up angiography will de- 
pend on the primary problem (such as aneurysms or fistulae), as well as 
individual and cultural environments. Particular cases and individual 
problems are discussed in each chapter. 

Data base analysis and individual risk measurements are essential for 
the purpose of patient information and decision making. 



14.15 Combined Endovascular Treatments 

As endovascular techniques and devices are rapidly evolving, our ability 
to deal with more complex vascular pathologies is expanding. It is possi- 
ble today to combine techniques and strategies to treat cerebrovascular le- 
sions that could not be treated previously with endovascular means and 
that may have needed combination endovascular and surgical treatments. 
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1 4.1 5.1 Combined Endovascular Treatment in Aneurysm Therapy 

At the early stages of endovascular treatment of aneurysms, the first indi- 
cations included parent vessel occlusion for large or giant nonsurgical 
lesions. At present, although parent vessel occlusion remains an effective 
and safe treatment in the appropriate setting, every effort is made to pre- 
serve the parent vessel. 

Figure 14. 144 illustrates the case of a young female who was involved in 
a motor vehicle accident, resulting in blindness in the right eye associated 
with a posttraumatic right ICA CCF, treated with a detachable Debrun la- 
tex balloon 5 years earlier. At that time, an additional posttraumatic dis- 
secting aneurysm of the contralateral left ICA was left untreated, to avoid 
sacrificing the left ICA. On follow-up, the patient developed a large ex- 
panding false aneurysm at the site of the CCF, secondary to deflation of 
the balloon. With the introduction of detachable coils, endovascular stents 
and liquid embolics, we were able to reconstruct and preserve both 
carotid arteries (Fig. 14.144). 



14.15.2 Combined Endovascular Treatment 
in Brain Arteriovenous Malformation Therapy 

In a similar manner, brain AVMs associated with other vascular lesions 
can be addressed endovascularly (Fig. 14.145). In addition to combining 
endovascular techniques, understanding the concept of flow-related le- 
sions will make it possible to properly select those that can be left un- 
treated and those that can be treated (see Chap. 9, this volume). 



14.15.3 Combined Endovascular Treatment in Occlusive 
and Hemorrhagic Vascular Disease 

As patients with occlusive vascular disease are being referred for en- 
dovascular treatment, associated lesions are being discovered. Endovas- 
cular therapy is uniquely positioned to deal with such circumstances and 
to address such potentially complex situations. There are different ideas 
on how to deal with a patient with severe carotid artery stenosis associat- 
ed with a cerebral aneurysm, with some suggestions that opening the 
stenosis may increase the risk of the aneurysm to rupture. We prefer to 
treat them in two separate sessions to permit some re-endothelialization 
of the stented CA (Fig. 14.146), but it is possible to treat both lesions in the 
same session. 
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Fig. 14.144A-J. Combined treatments for cerebral aneurysms. A 26-year-old female 
patient, who 5 years earlier was involved in a motor vehicle accident resulting in a 
right carotid cavernous fistula on the right internal carotid artery, associated with 
blindness in the right eye. In addition, she presented with a posttraumatic dissecting 
aneurysm of the left cervical-petrous carotid artery. She underwent balloon occlu- 
sion of the fistula with preservation of the right carotid artery in 1986. The left side 
was not treated. A Frontal digital subtraction angiogram of the common carotid ar- 
tery on the right demonstrates a posttraumatic aneurysm at the site of fistula repair 
following deflation of the balloon. B Lateral 3-D reconstructed image demonstrates 
the aneurysm with no discrete neck, the entrance of the carotid artery at one point of 
the aneurysm, and the exit at a different point. C Frontal oblique projection of the left 
common carotid artery demonstrates the dissecting aneurysm of the cervical carotid 
artery as it enters the petrous bone. D, E Two separate plain film projections after 
stenting of the dissected segment, demonstrating the stent placed across the dissec- 
tion with coils through the stent. Note how the coils are able to go around the stent in 
this broad-based aneurysm. F-J see p. 1 149 
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Fig. 14.144 ( continued ). F Immediately after treatment of the left side. G At 6-month 
follow-up, there is better remodeling of the aneurysm. H Plain film of the skull 
demonstrating the Onyx cast in the right cavernous aneurysm and the stents and 
coils on the left. I Immediately after Onyx treatment of the right-side cavernous 
aneurysm. The upper portion of the aneurysm is well covered. The lower portion still 
shows some filling. J Follow-up 6 months after Onyx treatment of the right cavernous 
aneurysm demonstrates minimal residual in the inferior portion of the aneurysm. 
There is good preservation of the carotid artery 
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Fig. 14.145A-E. Combined endovascular treatments for brain arteriovenous malfor- 
mation (AVM) with multiple aneurysms. A Frontal digital subtraction angiogram 
(DSA) of the right internal carotid artery (ICA). Note the presence of right oph- 
thalmic and anterior communicating artery aneurysms and the supply to the AVM by 
the anterior cerebral artery. B Frontal DSA of the left internal carotid artery shows an 
additional ophthalmic artery aneurysm of the left, a large middle cerebral artery 
(MCA) aneurysm, and the AVM. C Cone-down view after endovascular coiling of the 
large MCA aneurysm. This was done prior to embolization of the AVM. D Right ICA 
and E left ICA follow-up angiograms after three-stage embolizations. Note the dis- 
appearance of the AVM, the regression of the anterior communicating artery aneu- 
rysm, and no change in the paraophthalmic aneurysm on the right. The left paraoph- 
thalmic aneurysm is still present and has reduced in size. The MCA aneurysm re- 
mains occluded 
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Fig. 14.146A-D. Combined treatments. A Lateral angiogram of the left common 
carotid artery with a severe stenosis on the internal carotid artery (ICA). B There was 
an associated aneurysm of the left middle cerebral artery. C Three weeks after stent- 
ing of the ICA, there was very good flow in the ICA. D The aneurysm was coiled suc- 
cessfully 
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14.16 Techniques of Carotid Angioplasty and Stenting 

14.16.1 Introduction 

The techniques and materials used for carotid angioplasty and stenting 
(CAS) are rapidly evolving, and we propose to establish certain parame- 
ters and principles that will make these treatments safe, effective, and less 
dependent on technological changes. 

In general, the essential technical elements for safe and effective vascu- 
lar revascularization include: 

1. Preparing the patient with antiplatelet medication 

2. Delineating the extent of disease 

3. Crossing the lesion 

4. Maintaining the guidewire in the true vessel lumen beyond the lesion 
(probably the most crucial aspect of vascular revascularization) 

5. Stabilizing the guidewire to avoid spasm 

6. Avoiding or decreasing the chances for distal migration of debris dur- 
ing predilatation or postdilatation, by slowly inflating or deflating the 
balloon to accurately deploy the stent, and by ensuring distal protection 



14.16.2 Hemodynamic Disturbances During Stenting 

Acute hemodynamic disturbances during stenting in the carotid sinus 
region as measured by changes in heart rate (HR) and blood pressure 
(BP), and adverse neurological and cardiac outcomes were reviewed by 
Mendelsohn and co-workers (1998). They describe some degree of brady- 
cardia or hypotension in 68% of carotid stent procedures, but administra- 
tion of vasoactive medications was necessary in only 37% of patients with 
more persistent hemodynamic disturbances. Hypotension requiring con- 
tinuous vasopressor therapy was significantly more common during the 
postdilatation period (32%) than during the predilatation period (5%) 
(p=0.02), probably reflecting the smaller balloon used during predilata- 
tion. In the Qureshi et al. report (1999), in only one patient was hypoten- 
sion noted to last more than 24 h. Bradycardia can be reduced by prophy- 
lactic atropine. In one of Mendelsohn’s patients, the hemodynamic re- 
sponse to stenting may have contributed to an adverse neurological and 
cardiac outcome. These hemodynamic changes presumably result from 
baroreceptor stimulation triggered by balloon dilatation and/or stent de- 
livery in the region of the carotid sinus. These maneuvers may distend the 
carotid sinus, thereby activating stretch-sensitive baroreceptors at the ad- 
ventitia, which then send electrical impulses through the sinus and glos- 
sopharyngeal nerves to the nucleus tractus solitarius in the caudal medul- 
la. From there, enhanced parasympathetic stimulation of the heart may 
produce bradycardia and diminished sympathetic outflow to the periph- 
eral blood vessels, leading to hypotension (O’Mahony 1995; Eckberg et al. 
1975). In our experience, and supported by the report by Qureshi et al. 
(1999), HR or BP changes are seen primarily after balloon inflation and 
are mild and infrequent, if balloon dilatation is done gently, over relative- 
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ly long periods of time: 20-60 s. Using prophylactic atropine can usually 
prevent HR and BP changes if the lesion is at the level of the carotid bulb. In 
cases where HR or BP changes occur, immediate deflation of the balloon re- 
solves the hemodynamic change without the need for medication in the 
great majority of cases. It is interesting to note that in patients with previ- 
ous carotid endarterectomy (CEA), head and neck radiation, or with lesions 
above the carotid bulb, these hemodynamic changes are usually not seen. 

Hemodynamic alterations associated with carotid endarterectomy 
such as bradycardia are a frequent but benign perioperative finding (Mar- 
gulies et al. 1993; Wong et al. 1997). However, Wong et al. (1997) reported 
on the hemodynamic instability after CEA in a study of 290 consecutive 
patients undergoing CEA. He found postoperative hypertension in 9%, 
hypotension in 12%, and bradycardia in 55% of patients. However, only 
hypertension was significantly associated with stroke or death (p=0.04) as 
well as cardiac complications (p= 0.07). Hypertension has not been re- 
ported as a problem during CAS. Wong et al. did not find a correlation be- 
tween hypotension or bradycardia and adverse outcome. Mendelsohn et 
al. (1998), however, reported that hypotension associated with carotid en- 
darterectomy increased the rate of stroke and myocardial infarction. 
Compared with bradycardia, hypotension may be less well tolerated by 
patients undergoing carotid intervention (Bove et al. 1979; Riles et al. 
1979; Qureshi et al. 1999; Ranson et al. 1969). 

In patients who became hypotensive, blood pressure returned to base- 
line 2-15 min after predilatation or stent delivery. Hypotension was more 
directly linked to postdilatation of the stent. The hemodynamic changes 
reported during the early experience of stenting appear to be associated 
with balloon-expanded stents, such as the Palmaz (Cordis Endovascular) 
stent that was first used at the carotid bifurcation. Hypotension after the 
stent delivery was observed more often than during the postdilatation. We 
have not observed such hemodynamic fluctuations with the self-expand- 
able stents and with gentle slow postdilatation angioplasty. Slow inflation 
permits the vessel to stretch rather than to crack. 



14.16.3 Premedication 

In general, based on the cardiac and peripheral stenting experience, an- 
tiplatelet premedication of elective patients undergoing CAS is mandatory. 

The use of aspirin has, for the most part, been replaced with Plavix 
(75-150 mg) started 2-3 days before the procedure. If Plavix is con- 
traindicated, Ticlopidine (250 mg), or aspirin (325 mg) may be used. In 
emergency cases, a 325-mg aspirin rectal suppository or IV aspirin can be 
used (IV aspirin is not available in the United States). Some investigators 
have used a two-drug regimen, adding 81-325 mg of aspirin to any of the 
two other drugs, although there is no study that favors one strategy over 
the other. However, it is agreed by all that some type of premedication 
with antiplatelets is mandatory. After vascular access is secured, full anti- 
coagulation with heparin is started. A bolus of 3,000-5,000 IU is then fol- 
lowed by a continuous heparin infusion, to maintain an activated coagu- 
lation time (ACT) of at least double the baseline. 
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Most centers perform CAS under local or stand-by anesthesia. One of 
the authors (A.B.), however, believes that unless there is a high anesthesia 
risk, general anesthesia is less stressful to both the patient and the doc- 
tors. 



14.16.4 Vasoactive Medications 

Atropine (0.5 mg) can be used before initial balloon inflation. Prophylac- 
tic atropine effectively increased HR during the predilatation period by 
7.5±8.0 beats/min compared to no prophylactic atropine, which resulted 
in a decrease in HR by 10. 1± 15.9 beats/min. Prophylactic atropine, how- 
ever, does not reduce the incidence of bradycardia during any period. We 
only premedicate with atropine if the narrowest portion of the lesion is at 
the level of the carotid bulb or in patients with known cardiovascular in- 
stability. After the initial balloon inflation, atropine or metaraminol can 
be used to treat a HR below 50 beats/min. In patients with high lesions, 
previous surgery, or radiation, the baroreceptors are not functional, and 
therefore no premedication is required. 

Dopamine infusion is started if systolic BP is under 80 mmHg and the 
period of hypotension lasts longer than 3 min, despite intravenous ad- 
ministration of a 500-ml bolus of normal saline solution. In the treatment 
of hypotension, patients started on dopamine usually require its continu- 
ation beyond the conclusion of the procedure. The maximum dopamine 
dose in these patients averaged 7.8±2.9 pg/kg per minute. Patients with a 
history of severe underlying coronary artery disease tend to have a greater 
incidence of hemodynamic fluctuations. 

There appears to be a statistically significant association between the 
insertion of large stents (more than 10 mm in diameter and 40 mm in 
length) and the need for dopamine. Dopamine was used in 38% of carotid 
procedures in which large stents were deployed. No dopamine was used 
with smaller stents (p<0.05). No patient in whom the stent was both less 
than 10 mm in diameter and less than 40 mm in length required a vaso- 
pressor (Mendelsohn et al. 1998). 

We routinely use a stent 8 mm in diameter and 20-40 mm in length. He- 
modynamic changes have not occurred in our patients. Hemodynamic 
changes usually do not occur in the postoperative period if the patient 
leaves the angiographic suite in stable condition. 



14.16.5 Intervention 

During the early experience with CAS, most operators noted periods of 
hypotension, bradycardia, and even asystole, for which a femoral venous 
line is placed at the beginning of the procedure in case a temporary trans- 
venous pacemaker was needed. Currently, in most centers, a venous line is 
placed only in patients with a cardiac history or as a precaution when the 
operator is still at the beginning of his/her experience in CAS. 

For current self-expandable stents, a 7- to 9-F delivery catheter, or a 
long, 5- to 7-F sheath is needed to deploy a stent of sufficient caliber to 
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Fig. 14.147. Coaxial assembly 
system including a 9-F coaxial 
catheter with a leading Vitek- 
Manny type curve (inset) 




cover a common carotid artery (CCA) 7-10 mm in diameter. The stent 
profiles are decreasing and smaller delivery systems are being used. If a 
delivery catheter is used, we prefer to have an introducer sheath at the ar- 
teriotomy site. 

The CCA is catheterized in the usual fashion. Several points of caution 
should be noted. To avoid distal embolization, do not cross the stenosis 
with a large guidewire or catheter. To safely place the large-bore catheter 
in the CCA, a coaxial catheter assembly system works best. A preshaped 
inner catheter such as the Vitek (Cook) or Mani (Cook) curve is used in- 
side an 8- to 9-F delivery catheter (Fig. 14.147) to engage the ostium of the 
desired CCA (Fig. 14.148C). Contrast material injection permits assess- 
ment of the vessel’s status and a control angiogram is done. With the 
catheter at the CCA ostium, a road map of the bifurcation is obtained to 
facilitate guidewire placement (Fig. 14.148). 

The guidewire used in this part of the procedure should be able to 
torque and should be stiff enough to permit advancement of the large-cal- 
iber outer catheter. The inner (5-F) catheter-guidewire combination is a 
good support for this maneuver. In addition, we suggest a long exchange- 
type guidewire (260-300 cm). We favor the long 0.038-in. Terumo hy- 
drophilic wire, but on occasion, in difficult tortuous vessels, stiffer 
guidewires such as the Amplatz long exchange guidewire may be needed. 
In general, the guidewire is placed in the ECA for safety (Fig. 14.148D, E). 

Once the delivery catheter is placed in the CCA, the area of stenosis is 
crossed with a small-gauge, long exchange cardiac-type microguidewire, 
0.014 in. or preferably 0.018 in., which must be compatible with the various 
balloons and stent delivery systems. As in other procedures, a review of 
compatibility with the various materials is planned prior to the procedure. 
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Fig. 14.148A-N. Carotid bifurcation stenting technique. A, B Digital subtraction an- 
giogram (DSA) of the common carotid artery in a patient with previous endarterec- 
tomy with restenosis on both the proximal and the distal anastomotic sites. The prox- 
imal common carotid artery measures 11.9 mm. The distal common carotid artery 
(CCA) measures 9 mm. Note the two stenotic lesions at the site of surgical anasto- 
mosis (arrows). C Road map of the aortic arch was obtained with the white mask im- 
age from the Vitek (Cook, Inc.). The guidewire was placed in the external carotid ar- 
tery (D lateral and E frontal images). With that support, the 9-F catheter is advanced 
using the guidewire and the coaxial catheter for support. The catheter delivery sys- 
tem was placed in the CCA proximal to the lesion. F Road map of the CCA. The white 
line shows the original position of the guidewire in the external carotid artery. Note 
now the predilatation balloon catheter of 2x4 mm in size crossing the most distal 
stenosis at the distal anastomotic site. Prior dilatation of the more proximal stenosis 
was done on the way up. G-N see p. 1157, 1158 
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Fig. 14.148 ( continued ). G-I The deployment of the self-expandable Wallstent. G The 
stent prior to exiting the introducer catheter. H The expanded stent with the most 
distal marker. Note the shortening of the stent. There is a marker at the midportion 
of the stent (arrow) that indicates that the stent could be re-sheathed. Once crossed, 
it is no longer possible to retrieve the stent. The proximal marker points to the most 
proximal location of the stent. I The stent has been fully deployed, and the introduc- 
er delivery system has been withdrawn, maintaining the guidewire in position 
(curved arrow). J Plain film demonstrating the stent with a waist at the proximal 
stenosis. K DSA shows the good dilatation of the distal stenosis, but persistent nar- 
rowing of the proximal stenosis. L Road map image following balloon dilatation of 
the stent. The new stent dimensions are seen in black. M, N see p. 1 158 
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Fig. 14.148 ( continued ). M Plain film showing the dilated proximal stent. N Angio- 
graphic examination after proximal dilatation shows the excellent restoration of the 
caliber and the good apposition of the stent against the vessel wall, despite the caliber 
differences from the CCA to the internal carotid artery 



Guidewire manipulation is kept to a minimum to avoid distal em- 
bolization, vasospasm, or dissection. If crossing the lesion proves difficult 
or if there is difficult anatomy the lesion is best crossed with a soft, neu- 
romicroguidewire followed by a neuromicrocatheter (Fig. 14.149). The 
microcatheter is advanced to cross the stenosis, and then the neuromi- 
croguidewire is replaced for a stiffer, long exchange microguidewire. If 
there is any question of intraluminal lucencies or ulcerations, the neu- 
romicrocatheter can be used to infuse a small amount of thrombolytics 
prior to crossing the lesion. 

The exchange guidewire is now beyond the lesion and we suggest a high 
position in the petrous-cavernous carotid level, but keeping the distal seg- 
ment of the guidewire within the field of view at all times. Visualization of 
the guidewire throughout the various exchanges permits stabilization of 
its position, which helps avoid spasm or injury to the vessel wall. The 
guidewire distal segment should have a long radiopaque segment. 

The importance of the guidewire throughout the procedure must be 
emphasized. As long as the guidewire is in the vessel lumen, beyond the le- 
sion, the procedure is under full control. Even if a complication occurs, 
such as dissection or occlusion, one can usually resolve the problem, while 
keeping the guidewire distal to the lesion. The use of road mapping is 
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helpful to monitor stability of the guidewire. If the proper position of the 
guidewire is lost spasm or vessel occlusion may occur (Fig. 14.149E). If 
this happens and the lumen is to be recrossed, a softer system with neu- 
romicrocatheters and microguidewires can solve the problem. If the 
guidewire position is lost and there is no distal flow there is a possibility 
of spasm; an infusion of papaverine or nitroglycerin may be of great as- 
sistance to find the true lumen (Fig. 14.149G). Once back flow can be 
reestablished, and contrast material confirms the intraluminal position of 
the microcatheter, the soft microguidewire is exchanged for a heavier sup- 
porting guidewire, and a low profile balloon-expandable stent is de- 
ployed, covering the most distal area of narrowing (Fig. 14.145H-J). 

It is important to recognize dissection by the catheter as evidenced by 
contrast material beyond the expected lumen, stagnation, and noncir- 
cumferential lining of contrast material (Fig. 14.150). As mentioned pre- 
viously, maintaining the guidewire in the true lumen will make it possible 
to solve the problem in nearly all instances. With the guidewire in place, a 
balloon-expandable stent is deployed, opposing the dissection toward the 
vessel wall. It is important to determine the full extension of the dissection 
and cover its full length. If after deploying the stent one realizes that the 
full extent of the lesion has not been covered, an additional overlapping 
stent should be deployed (Fig. 14.150F, G). 




Fig. 14.149A-L. Techniques of guidewire-stent placement. Severe stenosis second- 
ary to a chronic dissection of the left internal carotid artery (ICA). A Lateral digital 
subtraction angiogram (DSA) of the left common carotid artery shows severe steno- 
sis approximately 1 cm distal to the carotid bulb and extending to the precavernous 
carotid artery. B The lesion is very tight. Crossing the lesion with a Prowler 10 (Cordis 
Endovascular) microcatheter produced total flow arrest in the carotid artery. C-L see 

pp. 1160, 1161 
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Fig. 14.149 ( continued ). C A soft microguidewire is advanced into the normal cav- 
ernous segment of the internal carotid artery, with the microcatheter beyond the dis- 
eased ICA. D After exchanging the guidewire for a stiffer wire with more support, a 
self-expandable stent was deployed in the cervical carotid artery. Following stent de- 
ployment, the position of the microguidewire was unintentionally lost. Note the 
white line from the original position (arrow). E Total immediate occlusion of the 
carotid artery occurred. F Progressive revascularization. Using papaverine first, the 
antispasmodic opens the carotid artery, which was in severe spasm. Note the severe 
disease in the precavernous carotid, which may mean guidewire dissection. G The 
true lumen is found using a soft microcatheter/microguidewire technique, to recross 
the long lesion. H-L see p. 1161 
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Fig. 14.149 ( continued ). H The neuromicroguidewire was then exchanged for a bet- 
ter support: a 300-cm-long exchange guidewire. I, J An AVE GFX (Medtronic, Santa 
Rosa, CA, USA) flexible balloon-expandable stent was deployed to revascularize the 
ICA. I The balloon-mounted stent crossed the stenotic segment, J the balloon was in- 
flated to 6 atm of pressure and the stent was expanded and deployed. K, L DSA of the 
common carotid artery after revascularization. Note the excellent reestablishment of 
carotid lumen 
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Fig. 14.150A-I. Techniques of revascularization. A 76-year-old female patient with 
severely disabling global cerebral ischemia and severe vascular disease. A Aortic arch 
study, late arterial phase, demonstrates severe disease involving all brachiocephalic 
vessels at their origin. There is total occlusion of the left subclavian artery, severe 
stenosis at the origin of the left common carotid, severe disease at the innominate, 
and at the origin of the right common carotid artery (CCA) there is atheromatous 
disease with severe calcifications. The subclavian artery on the right reconstitutes 
through the supreme intercostal to the internal mammary artery. There is addition- 
al disease at the origin of the distal right CCA. Collateral circulation is being taxed to 
the maximum. B Following a retrograde brachial approach on the right side ( arrow- 
head points to the introducer catheter), flow in the proximal RTSA was established. 
Continued on p. 1163 
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Fig. 14.150 ( continued ). In view of the very severe calcifications of innominate and 
CCA origin ( curved arrow), prior to the catheterization of the subclavian artery a 
guidewire is placed in to the common carotid artery (small arrows) from a femoral 
approach, as a precaution, while the right subclavian-CCA origin is opened. C Digi- 
tal subtraction angiogram (DSA) after the lesion was crossed with a support 
guidewire and a balloon-mounted stent was placed at the level of the lesion. D DSA 
of the expanded stent with the guidewire distally. The expanded stent is short and a 
portion of the stenosis is uncovered. E Monitoring angiogram demonstrates ex- 
travasation in the wall of the subclavian artery, showing a dissection, with the two 
guidewires still in place. F Cone-down view of a second unexpanded balloon-mount- 
ed stent placed in tandem passing through the first stent and covering the dissection 
(arrow) and the full extent of the lesion. G Cone-down view after the second stent was 
expanded. H DSA after the dissection was repaired. Note a small amount of contrast 
material at the lower portion. I Following angioplasty and stenting at the origin of the 
right vertebral artery, with excellent reestablishment of flow 
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14.16.6 Predilatation Angioplasty 

Before inserting a self- expandable stent, predilatation is routinely per- 
formed with a noncompliance dilatation balloon, 4 mm in diameter by 
40 mm in length. The length of the balloon-tipped catheter must be at 
least 120 cm. The catheter should accept at least a 0.014-in. guidewire. The 
predilatation angioplasty is a critical part of the procedure, as it is one of 
the times where distal embolization can occur. To decrease the chances of 
embolization, slow progressive dilatation to 6-8 atm is probably safest, 
over a relatively long period of time, 20-40 s, or with the use of a distal 
protection device. The predilatation is done to permit the larger stent to 
cross the lesion in a less traumatic fashion. In lesions at the carotid bulb, 
bradycardia or hypotension can develop during predilation. 

Many varieties of such balloons are commercially available and are 
mostly comparable, with the operator’s individual preference the main 
consideration. At present, monorail models that facilitate guidewire ex- 
change are available and are gaining popularity. Monorail balloons have 
the advantage of using conventional-length guidewire, and a lower fric- 
tion coefficient between the catheter and the guidewire over several cen- 
timeters, in comparison with coaxial balloons where the friction coeffi- 
cient extends over more than 135 cm. 

Following the predilatation, the guidewire is left in position and is used 
to deploy the stent. 



14.16.7 Stent Selection 

From Dotter’s original conception of a vascular stent in 1969 to the pres- 
ent, revascularization techniques in general, and stent technology in par- 
ticular, have advanced rapidly. Newer stents are being introduced and will 
likely further revolutionize the field of vascular revascularization. The im- 
portant parameters that will help us in understanding some of their dif- 
ferences include: 

1 . Mechanism of deployment. There are two mechanisms of deployment: 
balloon-expandable stents and self-expandable stents. 

2. Metal alloys. Stents are being made primarily from different combina- 
tions of corrosion-resistant steel alloys: nitinol alloys and platinum 
alloys. 

3. Construction design. There are multiple design types. The cell-type 
construction relates to flexibility. A closed-cell design (Fig. 14.151A-C) 
has more radial force but also less flexibility. An open-cell design 
(Fig. 14.1 5 ID) has more flexibility but less radial force. The stent itself 
can be tubular, spring, coil, ring, or woven mesh, or combinations there- 
of. Each design has advantages and disadvantages. Present stents still 
do not fulfill the ideal characteristic for endovascular neurosurgical 
applications, as they have been developed for cardiac and peripheral 
applications (Table 14.6). 

Tubular design. The common feature in this design of stents is that they 
are laser cut from a continuous cylinder of stainless steel or nitinol. The 
tubular design covers the lesion better and has good resistance to ex- 
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Fig. 14.151A-D. Balloon ex- 
pandable stents. A Closed-cell 
tubular design Palmaz 
Corinthia (Cordis Endovascu- 
lar). Tubular construction is an 
example of a balloon-expand- 
able stainless steel stent using 
sophisticated Nesting balloon 
technology (Cordis Endovascu- 
lar) to prevent premature de- 
ployment of the stent prior to 
expansion and deployment. 
Two different closed-cell types 
and different cell lengths are 
available. B Omega and C ellip- 
tical construction. D Open-cell 
balloon-expandable S60 
(AVE/Medtronic) 




Table 14.6. Stent selection 



Deployment 


Balloon- 

expandable 


Self-expandable 


Metal alloy 


Steel 


Nitinol 


Platinum 




(corrosion 








resistant) 






Construction 


Tubular 


Spring 


Coil Ring woven Combinations 



ternal radial forces, but is relatively inflexible in the closed-cell design 
(Figs. 14.151A-C, 14.152). 

Coil stents are manufactured from a single strand of metal wire woven 
into a particular pattern. 

Ring devices are repeated nodules of short coils. Both these designs 
have better flexibility, but with an uneven expansion (Fig. 14.153). 
Woven mesh designs are self-expanding, they are made of a steel, 
cobalt, and platinum mixture, or nitinol. Their main disadvantage is the 
often unpredictable shortening (less so with nitinol), and the delivery 
system is rigid, preventing placement in tortuous anatomy (Fig. 14.154). 
They can cover a long segment with a single stent (Fig. 14.155). 

At present, most stents used in the cervical carotid artery are self-ex- 
panding, rather than balloon-expanding stents, and are made of a plat- 
inum and cobalt alloy (Wallstent, Magic Wallstent), or nitinol (SMART 
stent, Symphony, Guidance). Their performance appears similar, although 
no comparative studies are available. The longest experience at present is 
with the Wallstent, followed by the SMART stent (Fig. 14.156). 
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Fig. 14.152A-C. Tubular bal- 
loon-expandable stent. In the 
cervical carotid artery, self-ex- 
pandable stents are preferable. 
In very short segments with 
significant caliber differences, 
balloon-expandable stents can 
be very useful, using the bal- 
loon to assist proper opposition 
of the stent to the vessel wall. 

A Before stenting. B Note the 
difference in distal and proxi- 
mal stent expansion. C After 
treatment 




Fig. 14.153A-C. Coil design 
nitinol stent. Variations in coil 
design, with a self-expandable 
covering that can be modified 



Nitinol stents appear to have lesser foreshortening than stents made of 
other materials (Fig. 14.157). 

When possible, we prefer to use a single stent (Fig. 14.155). The stent di- 
ameter is important, and we usually select a stent 1-2 mm wider than the 
CCA, with a sufficient length to cover the lesions and obtain good apposi- 
tion of the stent to the vessel wall. In addition, the cells within the stent 
will be closer, and act as a filter that will decrease the amount of debris 
that can migrate distally (Figs. 14.148-14.155). 
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Fig. 14.154A-C. Mesh design, self-expandable stent. A The Wallstent (Target, Boston 
Scientific) is made of a platinum and cobalt alloy mesh. It is self-expandable. B Un- 
deployed delivery catheter assembly system. It has significant rigidity and can reach 
vessels in the horizontal segment of the brachiocephalic arteries up to the petrous 
carotid artery. C Fully expanded stent. With the newer model of Magic Wallstent, half 
of the stent length can be deployed up to the mid level marker and can be resheathed 
back (see Fig. 14.143H) 



Fig. 14.155A,B. Long segment 
of involvement. A Postradiation 
severe atheromatous disease. 
Note the long segment of in- 
volvement. B Following the 
stent deposition, note the abili- 
ty of a single stent to cover the 
entire pathology, despite 
various caliber vessels. The 
guidewire is still in place 
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Fig. 14.156. Nitinol self-ex- 
panding stent. The SMART 
stent (Shape Memory Alloy Re- 
coverable Technology, SMART; 
Cordis Endovascular). Self-ex- 
pandable tubular design nitinol 
stent with similar limitations as 
the other self-expandable stents 




Fig. 14.157A, B. Nitinol self-expanding SMART (Cordis Endovascular). A Lateral 
view shows a discrete severe stenosis at the origin of the internal carotid artery as 
well as some involvement of the posterior wall of the common carotid artery. Note 
the discrepancy between the bulb-size proximal and distal carotid arteries. B Digital 
subtraction angiogram demonstrates the remodeling of the carotid artery bifurca- 
tion with preservation of the external carotid artery despite crossing of the stent at 
the ostium of the external carotid artery. There is narrowing at the origin of the ex- 
ternal carotid artery 






Nitinol 1169 



14.16.7.1 Self-Expandable Stents 

The Wallstent (Fig. 14.154) has been used in the largest number of pa- 
tients, with excellent short- and mid-term results. It is a self-expanding in- 
ner-core platinum and outer-layer cobalt-based alloy mesh construction 
stent, restrained within a protective sheath. The platinum gives it good ra- 
diopacity, and it is MRI compatible. The Wallstent possesses a braided 
geometry in a tubular mesh configuration. The braided wires are wrapped 
the entire length of the stent. The braided construction predisposes the 
stent to adopting a linear rather than curvilinear configuration, resulting 
in vessel straightening. Its self-expandable construction allows it to con- 
form to the arterial wall to optimize endothelialization. Dynamic radial 
force maximizes laminar flow and minimizes elastic recoil. Mesh con- 
struction flexes with neck movements, preventing crushing. Wallstent 
comes in many diameters and lengths, which makes it possible to use a 
single stent most times for a good fit, and to cover long segments, even if 
confronted with variable lumen size (Fig. 14.155). Halo technology im- 
proves its radiopacity. Its major disadvantage is unpredictable shortening, 
which is dependent on a number of factors such as the ratio between the 
vessel variable size and the stent size. For the most part, the distal end of 
the stent can be accurately deployed, but the proximal end is not pre- 
dictable. The length is usually oversized to cover the ECA, which carries 
no consequences. The diameter should be 1 or 2 mm larger than the CCA 
for best vessel apposition. Wallstents are easy to recross after implan- 
tation, with excellent scaffolding. They are relatively flexible, which al- 
lows them to taper and adapt within the changing caliber of a vessel 
(Fig. 14. 148). They will straighten vessel loops and bends, displacing them 
toward the edges of the stent, and may result in undesirable restriction in 
flow, the loop stops at the petrous carotid level. 

The Magic Wallstent is a self-expandable wire mesh constrained by a 
retractable outer sheath. It is made of an inner core of platinum, with an 
outer layer of cobalt-based alloy. The platinum gives it good radiopacity, 
it is MRI compatible, although it has a 15%-20% shortening on expan- 
sion. It has three radiopaque markers, with the middle marker being at the 
half-deployment level (Fig. 14.148G). It is fully repositionable up to its half 
release, which is at the middle marker. Like the Wallstent, it is easy to re- 
cross after implantation, with excellent scaffolding. It is relatively flexible, 
which allows it to taper within the changing caliber of a vessel, and it will 
straighten vessel loops and bends. It is 1-F larger in diameter than the 
original Wallstent, and only the 10-mm stent cannot be introduced 
through a 9-F guiding catheter or a 7-F sheath. At present, it is our pre- 
ferred stent. 



14.16.7.2 Nitinol 

The newer nitinol devices are promising. The term “nitinol” is derived 
from (ni)ckel, (ti)tanium, and (N)aval (O)rdinance (L)aboratories of the 
United States Government, where nitinol was first developed during the 
1960s. Nitinol, a nickel-titanium alloy, is the most elastic metal presently 
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available (superelasticity), it has the property of shape memory. Nitinol 
will assume a predetermined shape when heated above a preset transition 
temperature. In stent manufacturing, the preset transition temperature is 
set at 26°-32°C. Heating induces a phase transformation in the alloy. The 
atomic arrangement changes from a martensite phase, in which the mate- 
rial is very malleable, to an austenite phase, in which the material exhibits 
a high degree of strength and superelasticity, which gives nitinol a high 
degree of flexibility, as well as kink and fatigue resistance. Uncovering the 
stent in the circulation exposes the stent to body temperature, whereon it 
immediately assumes its memorized shape (Figs. 14.156, 14.157). Nitinol 
stents have a spring-like behavior of crush recoverability if an external 
force deforms or compresses the stent; its shape memory and superelas- 
ticity will immediately reassume its expanded shape after removal of the 
external stress. This is a major advantage in the soft tissues of the neck 
and with the movements of the neck, making it very suitable for the cer- 
vical carotid artery. 

Nitinol stents appear to have better conformability, permitting better 
adaptation to the vessel’s contour, reducing the straightening of the anato- 
my. With the stainless steal mesh construction, the lack of conformability 
tends to relocate the arterial loops and redundancies to the proximal and 
distal ends of the stent, which may result in kinking of the artery at the 
stent margins. With the Wallstent, this problem is more frequent. Howev- 
er, we have seen no flow restriction problems (nor have any been report- 
ed), and the loop seems to stop at the petrous carotid level. On the other 
hand, with nitinol stents, if placed at a vessel bend the stent may not con- 
form sufficiently to the anatomy and may protrude into the vessel wall, re- 
quiring a second device. In addition, the segmented-hoop geometry may 
make recrossing the stent more difficult, as reported by Phatouros et al. 
(2000). With a stainless steal mesh construction, the vessel straightens and 
this problem is avoided. 

As with other self-expandable stents and probably more so with niti- 
nol, the stents will exert a chronic outward radial force on the arterial wall. 
The long-term effect of the shape memory stents is not known at present 
and its compensatory effect to diminish the consequence of intimal hy- 
perplasia is a potential advantage to all self-expandable stents. Mathias 
(personal communication), has observed improvement of vessel diameter 
in the follow-up of patients treated with the Wallstent, so that the effects 
of intimal hyperplasia is compensated by the chronic outward radial force 
on the arterial wall. The difference between the different self-expandable 
stents is not known at present. 

The Smart stent has a more accurate deployment, is made of a more 
elastic metal alloy, with minimal shortening, and is probably best for tor- 
tuous anatomy and ostial lesions. The stent will comply best to vessels 
with changing caliber such as the carotid bulb (Fig. 14.157). The fore- 
shortening is less than 8% at its hub end. The stent has segmented-hoop 
geometry with very short individual segments (Fig. 14.156). 

Guidant has introduced a tapering carotid stent (Guidant Corporation, 
Menlo Park, CA, USA) (Fig. 14.158) that will be part of a randomized 
study. Our experience is limited to the research laboratory. 




Fig. 14.158. Guidant’s tapering 
carotid stent (Guidant Corpora- 
tion, Menlo Park, CA, USA) 
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14.16.7.3 Balloon-Expandable Stents 

Balloon-expandable stents are generally tubular, with various designs in 
their cell configuration, and its articulations give them a gamut of pro- 
files, flexibilities, and resistance to vessel recoiling. The first balloon-ex- 
pandable stent used in the cervical carotid bifurcation was the Palmaz 
balloon-expandable stent. 

The balloon-expandable Palmaz stent and the articulated slotted tube 
Palmaz-Schatz stent are no longer used in the cervical carotid arteries, be- 
cause of their potential for crushing. 

Palmaz stents are made of a tubular 316L stainless steel construction, 
with a slotted tube articulated design. They may be useful in ostial lesions 
such as the origin of the CCA, subclavian, or vertebral arteries, or if a very 
accurate deposition without shortening is needed. They are balloon ex- 
pandable and made of 316L stainless steel, with moderate radiopacity, are 
MRI compatible, with a diamond-shaped strut design (Fig. 14.46). Short- 
ening on expansion varies from 2.5% to 5.3%. It comes premounted or 
bare. Two radiopaque markers at the ends assist in deployment. It can eas- 
ily be recrossed after deployment. The articulated omega design of the 
Corinthian stent (Cordis Endovascular) has more flexibility than the orig- 
inal Palmaz stent, comes premounted, with added security in its fixation 
to the balloon (nesting technology), to prevent accidentally losing the 
stent prior to balloon expansion. They come in various sizes and are very 
useful for accurate deployment at the origin of the brachiocephalic vessels 
(Fig. 14.159). 



14.16.7.4 Low-Profile Balloon-Expandable Stents 

The third- and fourth-generation coronary stent technology has intro- 
duced lower-profile stents with improved flexibility, using an open-cell 
design (Fig. 14. 15 1 D). Some of these stents are being used in neuroen- 
dovascular applications with good results, and several corporations have 
active programs to develop derivatives of these stents for neurological ap- 
plications. 

Of the currently available models, the Medtronic AVE Micro Stent II, 
the GFX, and the GFX II, S670 (Fig. 14.160) are the more suitable for distal 
tortuous anatomy. 

More recently the Neuroform (Target, Boston Scientific), a highly flexi- 
ble open-cell self-expandable nitinol-construction stent, has been a major 
breakthrough and will improve the neck protection (Fig. 14.40). It has 
been used in the brachiocephalic and intracranial circulations. 



14.16.7.5 GFXII 

The GFX II (Fig. 14.39) is a sinusoidal ring-design balloon-expandable 
stent with a low profile, made of stainless steel individual 2-, 3- or 4-mm 
crown segments welded together using laser fusion technology. The weld- 
ing is either at all junctions (fully connected), or at half of the junctions 
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Fig. 14.159A-C. Balloon-ex- 
pandable stent deployment in 
the origin of the right common 
carotid artery. A Oblique view 
of the aortic arch and the 
introduction of a Corinthian 
(Johnson & Johnson, New 
Brunswick, NJ, USA) stent at 
the ostium of the common 
carotid artery. B Stent after 
expansion. There is moderate 
radiopacity to the stent. Bony 
landmarks are used in anatom- 
ical areas with inherent move- 
ment. C Angiogram demon- 
strates an accurate revascular- 
ization with preservation of the 
origin of the common carotid 
artery on the left 




Fig. 14.160A-D. Flexible bal- 
loon expandable stainless steel 
stent. AVE GFX stent. A Lateral 
digital subtraction angiogram 
(DSA) of the left internal 
carotid artery showing a severe 
stenosis at the petrous seg- 
ment. B, C Crossing the lesion 
with the balloon-mounted stent 
(arrow) as it goes through tor- 
tuous anatomy and crosses the 
lesion, with balloon inflation 
and deployment of the stent 
(C). D Lateral DSA examination 
after balloon-expanded stent 
placement, with excellent 
reconstitution of the normal 
caliber of the carotid artery 
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(half connected). The length of the stent depends on how many segments 
are welded together. The half-connected segments give an exceptional de- 
gree of longitudinal flexibility, and their low profile allows them to pass 
through 6-F guiding catheters. The fully connected GFX II has the radial 
strength of a tubular design and the flexibility of a coil. 

These stents are very useful in lesions at the distal ICA (Fig. 14.160), as 
scaffolds, or for coil embolization in wide-neck aneurysms (Figs. 14.92, 
14.93). 



14.16.8 Postdeployment Angioplasty 

Following stent deployment, if a waist is seen at the area of stenosis, 
(Fig. 14.148L), or if the stent is not well opposed to the vessel wall, a post- 
deployment balloon angioplasty is performed. The balloon diameter is 
sized to the internal carotid artery, usually 5-6 mm in diameter and 2 cm 
in length. The postdilatation angioplasty is the more risky part of the pro- 
cedure, where distal embolization is more likely to occur, as debris is 
squished through the porous portion of the stent (Ohki et al. 1998; Ohki 
and Veith 2001). It is at this point, where distal protection should be of 
most value, as the lumen has all ready been improved; therefore there is 
less chance for the protection device (balloon or other) to embolize as it 
crosses the area of stenosis. 



14.16.8.1 Distal Cerebral Protection 

To enhance safety and avoid distal migration of debris from the site to be 
dilated and stented, various devices are being proposed. Balloon-tip de- 
vices or parachute-like filtering devices placed distal to the lesion are in 
evaluation, and others are being tested (Figs. 14.161-14.163). 

Theron (1990) originally reported the use of a triaxial system, which 
uses a latex balloon that occludes the ICA beyond the stenosis. The bal- 
loon is inflated prior to the various maneuvers obtaining cerebral protec- 
tion, thus avoiding distal embolism. After each balloon dilatation, the de- 
bris is aspirated, and/or flushed or washed into the ECA. 

Prior to flow arrest in the ICA, one must study the status of the circle of 
Willis, and the status of the extracranial-to-intracranial anastomosis, 
prior to flushing emboli in to the ECA, to avoid unwanted cerebral em- 
bolization. 

The recent introduction of more sophisticated distal protective devices 
is likely to make the procedure even safer. 

The GuardWire device (Figs. 14.161, 14.162; PercuSurg Inc., Sunnyvale, 
CA, USA), consists of the GuardWire, a 0.014-in. steerable angioplasty 
guidewire made of a hollow nitinol hypotube, with an elastomeric inflat- 
able balloon incorporated at the tip of the wire. The proximal hypotube 
wire incorporates a Microseal, which allows inflation and deflation of the 
balloon. The GuardWire is advanced through the introducer catheter pre- 
viously placed in the CCA proximal to the stenosis. The deflated low-pro- 
file GuardWire is placed distal to the stenosis, and placed at the petrous 
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Fig. 14.161A-D. Schematic il- 
lustration of the GuardWire 
(PercuSurg Inc., Sunnyvale, CA, 
USA) balloon protection tech- 
nique. A The deflated low-pro- 
file balloon is passed distal to 
the lesion where the stent is to 
be deployed. B, C The stent is 
deployed with the balloon in- 
flated so that the debris can be 
trapped. If necessary, a postde- 
ployment angioplasty is also 
done with the balloon inflated. 
The debris is suctioned back 
through the 5-F catheter, the 
balloon is then deflated (D) 



carotid or in a straight portion of the carotid artery. A Microseal adapter 
is attached to the hypotube, and the balloon is slowly inflated with a fixed 
volume of half-strength contrast material to close the carotid artery. The 
Microseal adapter is then detached and the balloon will remain inflated. 
Angioplasty and stenting is then done. The debris is aspirated by a special 
aspiration catheter, which is advanced over the guidewire, and manual 
suction is applied. The Microseal adapter is then reattached to deflate the 
balloon and blood flow reestablished. 

A modification of the PercuSurg device has been introduced: the 
Medicorp Henry, Amor, Frid, and Rufenacht device (HAFR), it adds a ra- 
diopaque marker at the protective compliant balloon for localization, 
and any steerable guidewire can be used. We have no experience with this 
device. 

Roubin is introducing a parachute-like filter device, and Yaved a differ- 
ent model, a filtering device that permits blood to flow, but debris to be 
stopped. Another similar filter has been developed by Guidant (Fig. 14.163). 
The advantage of such protective devices is that they do not arrest flow 
distally, and they prevent vasospasm. All these devices are at various 
stages of development or evaluation, and therefore not yet in clinical use, 
but it is obvious that some type of distal protection will become the norm. 
Until they become easy to use and reliable, we have not seen more than 1% 
clinical deficits without any distal protection. 
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Fig. 14.162A-D. The Guard- 
Wire system has a low crossing 
profile. A A 0.14-in. guidewire 
crosses the lesion followed by 
the 0.036-in. (0.92-mm) cross- 
ing profile of the deflated bal- 
loon. The balloon then inflates 
in the petrous carotid artery to 
arrest flow. B Balloon inflated 
with a proximal large board out 
fish mouth 5-F catheter (C), 
which permits backwashing of 
the embolic debris. D. Close-up 
view of some material obtained 
during suction 



Wire Lumen 



/ 




Fig. 14.163 A, B. Aculynker 
(Guidant Corporation). This 
design uses an open basket 
or parachute placed beyond 
the lesion, to trap the debris. 
A The open device. B The 
closed device 
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14.16.9 Mechanical Revascularization 
of Totally Occluded Brachiocephalic Vessels 

Although experience in mechanical revascularization is increasing, the 
indications for opening totally occluded vessels have remained limited, 
but as seen in the peripheral circulation, it is possible. In the brachio- 
cephalic arteries, the fear of distal embolization has inhibited its aggres- 
sive use. However, there are territories such as the subclavian artery, when 
a hemodynamic steal exists, where revascularization is less likely to em- 
bolize (Fig. 14.164). 

Regarding the age of the occlusion, it appears intuitively that the fresh- 
er the occlusion, the more likely that mechanical (similarly to chemical) 
recanalization will be possible, although the risk of distal embolization is 
probably more. 

In our limited experience, it is relatively easy to mechanically open 
main brachiocephalic vessels (Figs. 14.149, 14.164; also see Sect. 1. 2.7.4, 
Chap. 1, this volume). 

One additional technique of revascularization in cases of stent col- 
lapse or difficult access may require a two-arteriotomy-site approach 
(Fig. 14. 165). Access is first obtained trough one entry site, for example the 
brachial artery, and a second entry site through a femoral artery. A heavy 
support guidewire is pulled with a snare from one arteriotomy to the oth- 
er, providing access to then deliver a stent and repermeate the occluded 
segment or repair the collapsed stent (Fig. 14.165). 




Fig. 14.164. Subclavian steal on the left side (A and B). C-G see p. 1 177 
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Fig. 14.164 ( continued ). C A road map is obtained from injection into the right ver- 
tebral artery ( VA), and the origin of the left VA can be obtained and used as the map; 
the larger delivery catheter and wire are placed at the ostium of the occluded VA, and 
a lumen is created. This is gently probed until the true lumen on the other side is 
reached (C). D The larger catheter is passed beyond the occlusion, and the stent is de- 
ployed (E, F). Balloon-expandable stents are more accurate in these locations (G) 
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Fig. 14.165A-F. Repair of a collapsed stent, using a two-arteriotomy-site approach. 
A Aortic arch study demonstrates severe stenosis of the innominate artery, where 
previously placed stents had collapsed ( curved arrow). There was also total occlusion 
of the right common carotid artery (CCA), the left CCA, a stent in the left SA, and bi- 
lateral axillary to CCA by-passes, and bilateral endarterectomies on both CAs. B Plain 
film of the chest demonstrates the collapsed proximal stent ( curved arrow). C Digi- 
tal subtraction angiogram (DSA) shows the severe stenosis ( curved arrow). D Balloon 
angioplasty from the brachial approach failed to properly expand the collapsed stent. 
From the femoral site, a heavy support guidewire was snared from below (arrow) and 
used to deploy a stent within the collapsed stent. E, F see p. 1 179 



14.16.10 Complications of Mechanical Revascularization 

The main complication from mechanical revascularization relates to dis- 
tal embolization, vessel dissection (Figs. 14.149, 14. 150), occlusion, or rup- 
ture. The main caution to be taken to avoid the majority of complications 
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Fig. 14.165 ( continued ). E DSA 
after revascularization. F Aortic 
arch study after stenting of the 
right SA 





is not to lose the guidewire. If this happens, vessel occlusion is possibly re- 
lated to spasm, so that papaverine or nitroglycerin should be tried first to 
find the true lumen. Then the integrity of that vessel segment should be 
addressed, followed by a decision as to whether it is necessary to repair 
that segment with a stent (Fig. 14.149). 

In intracranial iatrogenic dissections, a relatively easy maneuver can be 
the use of a microcatheter to flatten the dissection, permitting the ante- 
grade flow to clip the flap opposed to the vessel wall (Fig. 14.166). 



1 4.1 6.1 1 Stent Retrieval 

Our experience in stent retrieval is limited, but being prepared for such an 
event and knowing what to do may be very beneficial. The best recom- 
mendation is to prevent this from happening by proper selection and 
meticulous technique. 

A technique described in the peripheral and cardiac experience is il- 
lustrated in Figs. 14.166 and 14.167. If there has been partial deployment 
of the stent, one can anchor and trap a partially deployed stent within the 
guiding catheter with the assistance of the balloon, by jamming the bal- 
loon to fix the stent. If necessary, the balloon may be slightly inflated and 
the stent brought into a peripheral vessel; there it is deployed (Fig. 14.166). 
As an alternative, or when the stent has been fully deployed or has pre- 
maturely become loose, one may use a snare (Figs. 14.96, 14.168A). In this 
case, the guidewire is left in the lumen of the stent, a second guidewire is 
introduced and placed on the outer aspect of the stent, between the stent 
and the delivery catheter wall. A snare device (Fig. 14.168B) is then used 
to trap and retrieve the stent. The two-guidewire technique is safer, as it 
prevents the stent from recoiling or kinking (Fig. 14.168B). 
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Fig. 14.166A-F. Middle cerebral stenosis and iatrogenic dissection. A Digital sub- 
traction angiogram (DSA) AP of the left internal carotid artery with a symptomatic 
stenosis of the Ml segment, not responding to medical therapy. B A balloon-expand- 
able stent is being advanced into the middle cerebral artery for dilatation and stent- 
ing. Due to siphon tortuosity, the stenosis could not be reached. C There is a flap in 
the Ml (arrow). A balloon-tip catheter also could not reach the flap. An over-the- 
guidewire microcatheter was then passed beyond the flap (D), which resulted in a 
good immediate outcome (E) confirmed 1 week later (F) 
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Fig. 14.167 A-C. A balloon- 
expandable stent needs to be 
removed. A If the stent is not 
fully deployed ( curved arrow) 
and the guidewire is distal, the 
delivery catheter is advanced 
to trap and fix the stent. Partial 
balloon inflation can assist in 
fixing the stent. B The assembly 
is retrieved and is fully de- 
ployed in the iliac artery (C) 




A 




Fig. 14.168. A Stent retrieval. B Two-guidewire retrieval technique. One wire is 
passed through the inner lumen of the stent, and the second wire is on the outer part 
of the stent. This maneuver will prevent the stent from traumatizing the vessel wall, 
by trapping the stent between both wires 
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A 

abciximab 36, 38 
acetylcholine 13 
acrylate 973, 977, 991, 993, 1059, 
1059-1074 

- carciogenesis 1063 

- catheter withdrawal 1069 

- continuous column 1069 

- cyanoacrylate 1025 

- flow-control 1069 

- HEMA (hydroxy-methylmetha- 
crylate) 1144 

- histoacryl 1060 

- histotoxicity 1060-1063 

- IBCA (isobutyl homologue 
isobutyl-2-cyanoacrylate) 1059 

- in situ injection 1069 

- injection 1063-1066 

- mutagenecity 1063 

- NBCA (N-butyl-cyanoacrylate) 
332,946,1059,1063,1140 

- octacyanoacrylate 1055, 1059 
ACT (activation coagulation time) 

923 

activated clotting time 38 
activated coagulation monitoring 
924, 925 

Aculynker 1175 
adenoma, parathyroid 269 
adenosine 14 
adenosine diphosphate 14 
adenosine receptor antagonists 35 
adrenal carcinoma 271 
Agility, guidewire 965 
AIDS 509 

amaurosis fugax 74, 406, 407 
amines 12 

amobarbital 925-929,1125 
amytal 1125 
anastomosis 

- intrinsic venous 795 

- protection 1101 
anastomotic system, intrinsic 

longitudinal 777 
anatomy, venous MRI 141 
anesthesia 919-929 

- general 919,920 

- input and output monitoring 921 



- local 920 

- neuroleptic 920 
aneurysm 

- age 380-382 

- anatomy, single/mirror/twin 
saccular arterial aneurysm 
442-453 

- arteriovenous malformation 
708-715 

- spinal cord 786-794 

- associated post-traumatic 59 

- associated with proliferative 
diseases 523, 524 

- atherosclerotic 398 

- bleeding rate 451 

- blister 482-486 

- classification 374, 375 

- clonal mutation/clonal phenotype 
379 

- coarctation of the aorta 524-527 

- congenital 377 

- congenital heart disorders 
524-527 

- de novo 547, 548 

- dissecting ( see also dissection) 

60, 333, 454-477, 1027, 1046 

- dolichoectatic type 479,481-483 

- dysplastic 401,653,789 

- embryological origin 377-380 

- extradural 382-430, 1020 

- external carotid artery 
425-431 

facial artery, false 427 

internal maxillary artery 425 

superficial temporal 425 

- internal carotid artery 382-384 

blunt trauma 389-393 

cavernous segment 401-407 

cervical 384, 385 

clinical presentation 

408-415 

developmental 385-387 

dissection, spontaneous 

394-398 

mycotic 398,421 

occlusion 417-420 

penetrating trauma 387-389 

petrous 399-401 



- vertebral 420-425 

- familial forms 366 

- nonsyndromic familial 
438-440 

-false 135,278,550,790,799,1109 

- fenestration 1016 

- flow- related 333,376,429, 
514-517, 646-653,787 

- fusiform 478,484,497 

- hypophysial 998 

- incidence 366 

- intercostal 526 

- intradural 431-453 

- giant saccular 478-486 
with thrombosis 486-497 

- giant nonsaccular 478-486, 
497,498 

- immunological 509-513 

- infectious 502-509 

- inflammatory diseases 513 

- traumatic 518-522 
-location 451,515 

- male-to-female ratio 375 

- megadolicho artery 498-500 

- mesencephalic region 450 

- mid-basilar 1049 

- middle cerebral artery 135 

- mirror 448, 449, 453, 555, 556 

- giant 500 

- morbidity 367, 538, 547 

- mortality 367, 538, 547 

- multiple 453 

- giant 500 

- mycotic 398,421,502-509 

- origin 378 

- phylogenetic age 376 

- physiopathogenesis 371-374 

- preexisting 279 

- prevalence 366 

- prosencephalic region 450 

- proximal, shape 515 

- pseudoaneurysm 347,389,421, 
653, 662, 776 

- regrowth 554,559 

- rhombencephalic region 450 

- risk 371-374 
-rupture 1141,1142 

- saccular 
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aneurysm 

- saccular multiple 440-442, 442 

- single 453 

- segmental vulnerability 375-377 

- serpentine arterial 498-500 

- shrinkage 560 

- sphenoid sinus 322 

- thrombosis 470 

- topography 372 
-traumatic 283,360,973,1046 

- treatment 527-563 

- balloon remodeling 1031-1037 

- coil 1030 

- combined endovascular 
treatment 1 147, 1 148 

- deconstructive operation 
1020-1028 

- endovascular treatment 

literature review 530,531 

results 538-549 

- - EVAL 1083-1089 

- giant arterial aneurysm 
560-564 

- method 532-538 

- multiple arterial aneurysms 
549-560 

- postembolization care 1128, 
1129 

- reconstructive operation 1030 

- sclerotherapy 1074-1083 

- second intervention 529 

- Trispan 1039-1043 

- two-microcatheter technique 
1039, 1040 

- unrupted 380, 545 

- natural history 546 

- venous 790 

- wide-neck 1031 
angiofibroma, juvenile 

- angiography 211-214 

- clinical findings 210 

- CT examination 211 

- development, global hypothesis 
207-210 

- embolization 214 

- technical aspects 221-223 

- epidemiology 205 

- extension 

- intracranial, false 213 

- intracranial, true 211-213 

- pattern 202 

- invasion, pattern 203 

- macroscopic pathology 201-204 

- microscopic pathology 204, 205 

- MRI examination 211 

- nasal mucosa 206 

- natural history 211 

- pathophysiology 206-210 

- radiation therapy 221 

- sexhormons 206 



- therapeutic findings 214-221 

- tumor recurrence 223 
angiogenesis 378, 756 
angiography, angiographic evaluation 

41-44 

- carotid 84 

- catheter, 3-D selective 85 

- cerebral 100-103 

- computer tomographic (CTA) 
78-80,99,100 

- follow-up angiography 535 

- MRA (magnetic resonance 
angiography) 80-83, 100, 535 

angiopathy, high-flow 786 
angioplasty 53,90-98,116-135 

- balloon ( see there) 

- techniques 1152-1181 

- intervention 1154-1163 

- postdeployment 1173 

- predilatation 1164 

- premedication 1153,1154 

- vasoactive medication 1154 

- and stenting (CAS) 92 
angioseal 933 
angiotensin II 14 
anterior horn syndrome 839 
antibiotics 505 

anticoagulation 104, 804, 845, 1132, 
1133 

anticonvulsants 918,919 
antiedema 1134, 1135 
antiphospholipid antibody syndrome 
141 

antiplatelets 34,398,475,919, 1128, 
1132 

a r antitrypsin deficiency 58 
aorta 

- abdominal 23 

- coarctation 786 
aortic arch study 41,42 
aortitis syndrome 526 
apoptosis 378 
Aquaphor 1130 
arterial stenosis 524 
arteriopathy, idiopathic regressing 

57,58 

arteriotomy sites 929-933 

- closure device 932, 933 

- introducer sheath 930 
arteritis, Takayasu 115,116 
aspirin 34,35,39,419,495,1153 
astrocyte 3 

atheroma, aortic arch 99 
atherosclerosis 23-29, 73 

- accelerated 97 

- atherogenesis, mechanisms 
24-27 

- carotid 29 

- epidemiology 23 

- introduction 23 



- middle cerebral artery 44 

- pathogenesis 24 
ATP 8 

atropine 917, 1152, 1154 
Attracter 18 1052 

austenite phase 1170 
autoregulation, cerebral 5-7, 22, 
40 

- breakthrough 6 
Avatine 1077 
azygos vein 739 



B 

balloon angioplasty 36, 53, 57, 62, 68, 
80,95 

- guidewire through balloon 
technique 123, 124 

- Higashida balloon catheter 119 

- latex balloon 122-124 

- over-the-guidewire balloon tip 
catheter 125 

- over-the-guidewire Dotter 
technique 125 

- silicone balloon 119-121 

- vasospasm, indications and results 
128-133 

barbiturates 1135 
baroreceptor 1152 
Barthel Index 150-152 
basilar artery 

- thrombosis 110-114 

- unfused 447 

BAVM (see malformation, 
arteriovenous) 

Berenstein 

- double lumen occlusive balloon 
catheter 944 

- liquid coil (BLC) 993, 995 

- variable stiffness 934 
bicuspid aortic valve 524 
bifemoral approach 1030 
biopsy, epistaxis 359 
biorheological factors 1133,1134 
blebs 482, 484, 542 

blindness, transient monocular 74 

blister 482-486 

blood flow, cerebral (see CBF) 

blood pressure 433 

blood-brain barrier 3, 4, 10 

blunt trauma 389-393 

bone 

- cyst, aneurysmal 890-892 

- erosion 410,414,755 
brachial nerve, deficit 805 
brachiocephalic vessel 106 

- totally occluded 1176-1178 
brachy therapy, endovascular 1019 
bradykinin 13 

breast carcinoma 155, 272 
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bruit 

- carotid 73 

- dural arteriovenous shunt 581, 
582 

- traumatic arteriovenous fistula 
299,300 

- vertebro-vertebral arteriovenous 
fistula 751 

bypass 102, 105, 1020, 1027, 1029 



C 

Ca 2+ channel blocker 918,921 
calcification 1163 

- arteriovenous malformation 676, 
677 

- mural 472, 500 

calcitonin gene-related peptide 13 
calcium channel antagonist 21, 

1135 

calibrated leak technique 119-127, 
130,959, 961 
Candida albicans 509 
candidosis, chronic mucocutaneous 
509 

capilarectasia 472 
capilary 3 
CAPTURE 38 
carbon dioxide reactivity 9 
carbon monoxide 14 
cardiac overload 739 
carotid artery 931 

- extracranial, stenosis 

- asymptomatic 86-89 

- imaging 75-84 

- natural history 73-75 

- symptomatic 86 

- treatment 84,85 

- internal 

- aneurysm, extradural ( see there) 

- dissection 57-67 

- ligation 418 

occlusion 48,52-57,417,418 

intravenous thrombolysis 56 

revascularization 55 

tolerance test occlussion 

418-420 

- stenosis, above carotid bulb 68, 
69 

- petrous 103 

- physiology 1096 
carotid bulb 1153 
carotid trapping 389 
catheter, balloon 53 

- angioplasty 958-961 

- balloon-tip 1031 

- Berenstein variable stiffness 934 

- detachable 955-958, 1006 

- double-lumen 924, 943-949 

- Berenstein 944 



- Comodor 125,950 

- modified 950 

- Envoy 5-F 935 

- flow control 942, 943 

- Fogarty 280 

- Flowrider 1091 

- guiding catheter 933, 935 

- Headway catheter 935 

- Hieshima Apollo 958, 959 

- Higashida balloon catheter 119, 
953 

- Lasjaunias 4-F catheter 986 

- latex balloon 122-124,325,957, 
958 

- - Debrun 957,958,960,1144 

- gold valve balloon 957 

- O’Reilly 958 

- microcatheter ( see there) 

- Mini-Torquer 936, 942, 943 

- silastic 958 

- silicone balloon 119-121,326 

- single-lumen 950-955 

- Endeavor 952 

Equinox 125,956,959,1034, 

1085 

- Hyperglide 956 
--Sentry 125,955,958,1034 

- - Stealth 125,950,952,958 

- stent delivery 962-964 

- tolerance testing 314,942,943, 
1020, 1029, 1030 

-withdrawal 1069,1111 
catheterization, distal 1106,1107 
caudal fusion 444 
CAVATAS 93 
cavernoma 587,687-690 

- classification 687 

- de novo 688 

- familial 688 

- multiple 689 

CBF (cerebral blood flow) 4, 5, 27 

- metabolism 8 

- regional (rCBF) 10 

CBV (cerebral blood volume) 7 
cerebral arteriovenous malformation 
(see also shunt) 

- angioarchitecture 631-634 

- aneurysms ( see there) 

- arteries 634 

- brain function 678, 679 

- calcifications 676, 677 

- cavernoma 687-690 

- choroid plexus 629-631 
-classification 614,615 

- principles 612-614 

- cryptic 690 

- CSF changes 676 

- DAVS (see arteriovenous shunt, 
dural) 

- deep-seated 629 



- dural supply 642-644 

- fistula (see there) 

- headache 68 1-683, 704, 707 

- hemangioma, cavernous 686, 687 

- hemorrhage 677, 678, 703, 704 

- incidence 609-612 

- lesions, reach the cortex 626 

- management/treatment 
695-735 

- age 700,701 

- combined endovascular 
treatment 1147,1150 

- embolization 

contraindications 732-734 

curative 720-727 

emergency 732 

intraoperative 729 

palliative 720 

partial (targeted) 716-720 

postembolization care 1128 

presurgical 728, 729 

prior to radiosurgery 

729-731 

results 734, 735 

staging 732 

- indications 696-699 

- lifestyle/occupation 701 

- location/size 708 

- sex 701 

- strategy 715,716 

- symptoms 703-708 

- maxillofacial 1083 

- microarteriovenous 655, 656, 940 

- multiple 618-625 

- natural history 677 

- neurological deficit 708 

- nidus 794-801 

- angioarchitecture 654, 655 

- intranidal ectasias 659-664 

- size change 656-659 

- occult 690 

- paravertebral 862 

- pregnancy 683, 684 

- rupture 1137-1141 

- seizures 679, 680, 704 

- stenotic changes 638-642 

- thrombosis 669 

- topographic analysis 625, 626 

- unclassified 624, 625 

- variations, arterial 644-646 

- vasospasm 642 

- veins 668 

- developmental anomalies 685 

- variations 668-675,684 
cerebral artery, middle (MCA) 

- hyperdense sign 60 

- stroke 44,45 

cerebral-facial syndromes 621-624 
chemoembolization 877-880, 

1094 
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chemotherapy 1093, 1094 

- intra-arterial infusion 1093,1094 
chiasmatic ectasia 336 
Chlamydia pneumoniae 24 
chromosome 

- chromosome 4 431,432 

- chromosome 9 436 

- chromosome 16 431,436 

- chromosome 17 435 
cigarette smoking 440 
cisplatinum 1094 
clipping 131 

clival artery, lateral 569 
clopidogrel 35 
closed-cell design 1164 
closure device 923, 1129 
CMV (cytomegalovirus) 512 
coagulation profile 99 
coagulopathy 357 
coarctation, aorta, aneurysm 
524-527 

coaxial assembly system 1155 
Cobb syndrome 755,773 
coil 

- Cordis 3-D 1000, 1012, 1013 

- 3-D shape memory 1000 

- detachable 981, 1030 
--Cook 1012,1013 

- Guglielmi 528,998-1002 

- radioactive 1019 

- fiber 746, 980 

- fixation 1053 

- GDC, bioabsorbable polymeric 
1012,1016 

- Gianturco coils 980 

- glue, combination 991 

- Hilal coil 987 

- hydrocoil 1012, 1014 
-liquid 980,981,1066 

- - Berenstein 993,995,1118,1119 

- microcoils 986, 1025 

- Micrus 1010,1011 

- pusher 987 

- retrieval 1051 

- stretch-resistant 1000-1002 

- stretching 1045 

- ultrasoft 1000 
COL5A1/COL5A2 gene 434 
collagen disease 739 
collateral circulation 101,314 
combined endovascular treatment 

- aneurysm therapy 1147 

- brain arteriovenous malformation 
1147 

- occlusive/hemorrhagic vascular 
disease 1147 

Comodor double-lumen balloon-tip 
catheter 125,950 
compaction 537, 562, 1035, 1039, 
1049, 1090 



complications, embolization 
1129-1146 

connective tissue disorder 396 
contiguous gene syndrome 436, 437 
contraceptives, oral 136 
contrast material, extravasation 
359,361,1136,1139 
conus medularis 839 
Cook detachable coil 1012,1013 
Cordis 3-D coil 1000,1012,1013 
Corinthian stent 1171 
cortical artery, occlusion 54 
corticosteroids 918,1096,1129 
costocervical artery 747 
coumadin 39 
cranial nerve 

- deficit 1129 

- dysfunction 285, 298-300 

- paralysis 476 

- symptoms 580,581 
cranial sinus 739 
craniofacial tumor 270-275 
CREST (carotid revascularization 

endarterectomy versus stenting 
trial) 93 

CT (computed tomography) 30 
CTA (computer tomographic 
angiography) 78-80, 99, 100 
cutaneous discoloration 756 
cyanoacrylate 1025 
cyst 

- liver 437 

- renal 433 
cytokinase 10 
cy to toxics 1059 



D 

DAVS (dural arteriovenous shunt) 
565-607 

- associated conditions 590-593 

- cavernous sinus 603, 996 

- classification 570,575-579 

- cranial fossa, anterior 589, 602 

- cranial nerve symptoms 580,581 

- clinical presentation 579-593 

- neurological deficits 

- - focal 582-585 

- - global 585-587 

- foramen magnum 583, 589, 603 

- historical review 566-569 

- hormonal influence 587, 588 

- intracranial hemorrhage 587 

- multiplicity 590-593 

- natural history 594-596 

- pathophysiology 570, 571 

- pretherapeutic evaluation 598 

- sagital sinus, superior 602 

- symptoms, progression 596-598 

- tentorium 602 



- therapy 

- embolization 983 

complications 606 

results 606 

timing 605,606 

- indications/strategy 598-602 

- surgery 607 

- technical aspects 605 

- topographic considerations 
602-605 

- tinnitus and objective bruits 581, 
582 

- torcular 583 

- transverse sinus 582, 603 
Debrun catheter 957,958,960,1144 
deconstructive operation 1002, 

1020-1028 

- middle cerebral artery aneurysm 
1023 

- vertebrobasilar junction aneurysm 
1020 

degeneration, neuronal 20 

- anterograde 21 

- axon (Wallerian) 21 

- retrograde 21 
delta sign 138 
dextran 1133 
dialysis, peritoneal 433 
diastolic fraction 514 

DIC (dissemianted intravascular 
coagulation) 406 
diplopia 298, 405 
diseases ( see syndromes) 
dissection 106 
-carotid 57-67,1159 

- iatrogenic 65 

- spontaneous 394 

- catheter 1159 

- complications 477 

- fusiform 456, 467, 468 

- healing, spontaneous 468 

- intracranial iatrogenic 1179 

- intradural artery 454-477 

- multifocality 469 

- mural diseases 477 

- process 478 

- subacute 472 

- subadventitial 391 

- subintimal 454 

- vertebral artery 83 

DMSO (dimethyl sulfoxide solvent) 
1083 

dopamine 12,1154 
Doppler 

- color-flow 76 

- transcranial 76, 99 
double lumen 393, 395 
drainage 

- bilateral 289 

- external ventricular (EVD) 1141 
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- venous, thrombosed 793 
drug treatment 97 

dual therapy 34 
duplex scan 76 

duplex ultrasonography, carotid 74 
dural venous plexus 572, 573 
DWI (diffusion- weighted imaging) 
70-72,81,100 

E 

echocardiography, transesophageal 
99 

ECST 86, 87 
ectasia, segmental 481 
edema, brain 1134 
edematous reaction 490 
EEG 918 

Ehlers-Danlos syndrome 57, 279, 
280,297, 387,434, 435,743 
eicosanoids 13 

elastica lamina, internal (IEL) 456, 
479 

electrical current 998 
electrolysis 998, 1039 
embolic agents 

- absorbable materials 970-973 

- coils ( see there) 

- liquid 977 

- nonabsorbable particulate 
materials 974-979 

- particulate agents 969, 970 
embolism 

- cardiogenic 99 

- pulmonary 138 
embolization 

- fluid 1050 
liquids 1055 

- nonabsorbables 1059-1089 

- silicone fluid 947,1059 

- partial targeted 788, 792 

- palliative 835 
embospheres 977-979 
endarterectomy, carotid (CEA) 

86-89, 92,105,1153 

- restenosis 89, 93-97 
Endeavor catheter 952 
endocarditis, subacute bacterial 503 
endoluminal clot 392, 422, 423, 490, 

543 

endoscopy, virtual 534 
endothelial cells 26, 5 1 

- origin 452 

endothelial dysfunction 24 
endothelin 14 
endothelium 10,25,94 
Envoy 5-F 935 
ephedrine 923 
EPIC 97 
epidural lake 751 



epidural venous plexus, transvenous 
occlusion 749 

epistaxis 303, 306, 354-359, 409, 
426, 674 

- biopsy 359 

- coagulopathy 357 

- emergency treatment 322 

- spontaneous 357 

- traumatic 362, 363 

- tumoral 357-359 
EPISTENT 37 
eptifibatide 36 

Equinox catheter 125,956,959, 
1034, 1085 

equipment, angiographic 917 
esthesioneuroblastoma 199, 200 
esthesioneuroepithelioma 224 
ethanol 977 
Ethiodol 1063, 1077, 1093 

- ethanol-Ethiodol mixture 1079 
ethmoidal artery, anterior/posterior 

567 

ethyl cellulose 1094 
ethylic alcohol 1074-1083 

- arterial system, injection 1075, 
1076 

- arteriovenous malformation, 
injection 1080-1083 

- ethanol-Ethiodol mixture 1079 

- venous malformation, injection 
1076-1080 

EVAL (ethylene-vinyl alcohol 
copolymer) 1059, 1083, 1084 
EVOH ( see Onyx) 

Ewing’s sarcoma 875 
Excelsior 10 microcatheter 938 
exophthalmos 285, 409 
extravasation, contrast material 
359,361,1136,1139 



F 

facial nerve, monitoring 925, 926 

Fahraeus-Lindqvist effect 8 

false sac 517 

female gender 440 

FGF (fibroblast growth factor) 25 

fibrinogen 35 

fibrinolysis 67 

fib ro muscular dysplasia (FMD) 57, 
338,438,743 

- cervical 415-417 
fibrous cap 26 

filum terminale lesion 767, 789 
Fisher’s grading 369 
fistula, arteriovenous 

- carotid cavernous 520 

- filum 774, 802 

- high-flow 337, 778, 791, 991, 1066, 
1119,1124 



— congenital 945 

— iatrogenic 341 

— microarteriovenous 801 

— parachordal 

— ascending pharyngeal-internal 
jugular (hypoglossal) 743 

— clinical manifestation 739 

— direct 784 

— general remarks 738-740 

— maxilla artery-to-vein 
(stapedial) 743 

— paraspinal 752-758 

— throacolumbar paraspinal 755 

— vertebro-vertebral (proatlantal 
and intersegmental, VVAVF) 
743-752 

— spinal dural ( see SDAVF) 

— tentorial dural 761 

— traumatic 277-363 

— carotid cavernous 522 

— common carotid 342 

— external carotid 342-353 

— extracavernous 334-338 

— malignant 354 

— middle meningeal 345 

— scalp 343 

— traumatic carotid cavernous 
fistula ( see TCCF) 

— vertebral 338-341 
flow 

-arrest 946,1111 

— bidirectional, figure 1100 

— control 1097-1128 

— cerebral circulation 1104,1105 

— cortical level 1110 

— craniofacial area 1097 

— distal catheterization 1106, 
1107 

— dural surface 1104 

— intralesional 1101,1102 

— surgical 1104 

— modifications 954 
-reversal 948,1064,1099,1101, 

1108-1110 

— occlusive balloon 1102-1104 
flow-directed navigation 937 
Flowrider 1091 

flushing solutions 1095, 1096 
Fogarty balloon 280 
follow-up 1 146 
foramen lacerum 401 
foramen rotundum, artery 569 
fracture 

— optic canal 297 

— pelvis 284 

— skull base 279 
functional 

— evaluation 925 

— investigation 946 
fusiform ectasia 422 
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G 

galactorrhea 413 
gastrointestinal rupture 435 
GDC coil 528,998-1002 

- bioabsorbable polymeric Matrix 
1012,1016 

Gelfoam 839 

- gelatin sponge 970, 971 

- particles 973 

- powder 948, 971-973, 1077, 1098, 
1102 

geniculate body network 495 
Gerolakos and Nicolaides classifica- 
tion 78 

GFXII 1171-1173 
giant cell tumors 893-895 
Gianturco coils 980 
Glasgow Coma Scale 369 
Glasgow Outcome Scale 147,369, 
535 

glaucoma 285 

- secondary 293 
glial cells 19 

glossopharyngeal nerve 1152 
glucose 8, 18 
glue 758 

glycoprotein Ilb/IIIa receptor 27 

- antagonists 35-39, 1055 

- safety 38, 39 

gold valve balloon 957 
guanylyl cyclase 9 
Guard-Wire system 1175 
Guglielmi detachable coils (GDC) 
528, 998-1002 

- bioabsorbable polymeric matrix 
1012,1016 

- Vortex 1002, 1004 
guidewires 965-969,1158-1163 

- microguidewires 965-969 

- monorail 967 

gunshot wound 279,338,387,426 



H 

head injury 470 

headache 681-683, 704, 707, 1129 

Headway 

- catheter 935 

- valve 1031, 1095 
heart disease 75 

- congenital, aneurysm 524-527 
hemangioblastoma, spinal cord 

898-900 

hemangioendothelioma 1073 
hemangioma 

- bony 265 

- cavernous 686,687 

- vertebral 883-890 

- associated lesions 888 

- embolization 889, 890 



- - MRI 884 

- pretherapeutic evaluation 888, 
889 

- spinal angiography 884 
hemangiopericytoma 165, 166, 

1099 

hematocrit 1133 
hematoma 

- extradural 425 

- fresh 489 

- mural 392,457 

- spinal epidural 421 

- subdural 832 

hematomyelia 519,805,826,828, 
829,1120 

- morbidity 828 
hemodilution 1133 
hemodynamic 

- insufficiency 1 12 

- stress 514 
hemorrhage 973 

- aneurysm ( see subarachnoid) 

- arteriovenous malformation 677, 
678, 703, 704 

- epidural 832 

- generalities 1135-1137 

- intracranial 587 

- intradural 278 

- intraventricular 740 

- postembolization 1138 

- recurrent 841 

- spinal 778, 825-828 

- subadventitial 454 

- subarachnoid (SAH) 116,289, 
740, 752, 826 

- tongue 352 

hemorrhagic conversion 111,114, 
139 

hemorrhagic vascular disease, 
combined endovascular treatment 
1147 

heparin 398, 843, 1153 

- adjunctive 37, 38 

- low-molecular-weight (LMWH) 

143 

heparinization 534, 923, 924, 1128 
hepatic failure 433 
hepatitis B 511 
herpes virus 24 
HHT1 (hereditary hemorrhagic 
teleangiectasias) 618-621,794, 
812,822 

Hieshima Apollo catheter 958, 959 
Higashida balloon catheter 119, 953 
Hilal coil 987 
histamine 12 
histoacryl 1060 
HITS (high-intensity transient 
signals) 77 
HIV 504,510,512 



HMCAS (hyperdense middle cerebral 
artery sign) 47 
homocysteine 24 
Horner’s syndrome 396, 40 1 , 4 1 7 
Hunt and Hess Classification 148, 368 
hydrophilic coating 939 
5-hydroxytryptamine (5-HT) 12 

hypercapnia 9 
hypercholesterolemia 23 
Hyperglide catheter 956 
hypernephroma, metastatic 881 
hyperplasia, intimal 89, 93-97, 1170 
hyperprolactinemia 413 
hypertension 58 

- venous 804 
hypocapnia 9 

hypophyseal portal system 337 
hypotension 921,922 

- systemic 1111 
hypotube 1174 

HZV (herpes zoster virus) 512 

I 

IBCA (isobutyl homologue 
isobutyl-2-cyanoacrylate) 1059 
ICP (intracranial pressure) 5 
immunoallergic mechanism 505 
In Time 1052, 1053 
infarction 

- atheroembolic 30 

- embolic 83 

- incomplet 18 
inferolateral trunk 567 
integrin uperfamily 35 
intimal tear 391 
iodized oil 1093 
iophendylate 1093 
ischemia, cerebral 51 

- cell change 19 

- depolarization 19 

- focal 18 

- global 18 

- hemodynamic effects 21 

- necrosis 19 

- neuronal metabolism 17 

- nitrous oxide 21,22 
ischemic stroke, arterial 

- acute 31 

- age 15 

- angiographic evaluation 41-44 

- causes 16 

- cryptogenic 99 

- definition 14-16 

- incidence 15 

- middle cerebral artery 44,45,51 
-neuroimaging 30,31 

- neuronal metabolism 17,18 

- neuronal vulnerability, selective 
18-21 
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- North America 15 

- posterior circulation 98-109 

- presentation 74 

- race 15 

- risk factors 16, 74 

- treatment 31-73 

- medical therapy 1130,1131 
ischemic syndrome, crescendo 51 
isovolemia 1133 



J 

J-curve 966, 1036 
jugular puncture 930 



K 

Karnofsky score 369, 535, 829 
Kassel Bach syndrome 1073 
kinking, carotid 942 
Klippel- Trenaunay syndrome 766, 
767, 771,820 



L 

laceration, external carotid 347 
laryngeal malignancy 429 
Lasjaunias 4-F catheter 986 
LDL (low-density lipoprotein) 24 
leak, calibrated 952, 953 
lenticulostriate artery 51,54 
lesion, intermediate 25 
leukotriene 13 
LIAT (local intra-arterial 
thrombolytic therapie) 45-52, 
110,1131 
ligation 

-endovascular 1105,1110 

- intradural 843 

- proximal 314 
lipid mediators 13 
Lipiodol 1063, 1093 
liver 

- cyst 436 

- fibrosis 432 
locked-in state 112 
lupus syndrome 513 
lymphoproliferative disease, 

X-chromosome-linked 513 



M 

macrophage 25 
magnesium 41 
malformation 

- arteriovenous 

— cerebral ( see there ) 

— spinal cord ( see there) 

- venous 1081 
Mani 1155 



Marfan syndrome 57, 435, 437 
Marlin 1052 
martensite phase 1170 
matrix coil (polyglycolic/poly-L- 
lactid acid copolymer) 1012 
maxillary trauma 425 
maxillofacial trauma 457 
McCune Albright syndrome 522 
medullary syndrome 466 
menigiomatosis, menigeal 166 
meningioangiomatosis 166 
meningioma 427 

- angiographic investigation 
184-186 

- angioplastic 165, 166 

- association with other tumors 155 

- cavernous sinus, involving 178 

- children 156 

- chromosomal patterns 156 

- clinical presentation 166-169 

- CT-scanning 181, 182 

- differential diagnosis 187 

- embolization, technical aspects 
189-192 

- complications 196-198 

- pre- and postembolization 
medical management 194 

- epidural 177 

- etiology 157, 158 

- extracranial 224 

- familial occurrence 157 

- gelfoam powder 972 

- growth and spread 162 

- incidence 154, 155 

- intracranial vascular involvement 
179, 180 

- malignant 162-164 

- MRI-Scanning 182-184 

- oncogenic viruses 158-161 

- operation, time 196 

- orbit 177, 178 

- origin 154 

- pathology 161, 162 

- peritumoral edema 181 

- pial supply 194 

- pretherapeutic evaluation 181 

- recurrent 192-194 

- sex hormone receptors 156 

- sites 169-177 

- spinal cord 910 

- therapeutic strategy and clinical 
objectives 187-189 

- tumor extension, extracranial 192 

- unusual sites 179 
menstruation 831,832 

MEP (motor-evoked potential) 925, 
928,1032,1124 
metalloproteinase 14, 28 
metamere 379 
metameric artery 738 



metameric syndrome, spinal 
arteriovenous ( see SAMS) 764, 
766, 770,813-821 
metaraminol 1154 
metastases, vertebral 895 
metastatic disease 524 
methylene blue 929 
metrizamide powder 1077 
microcapsules, time-released 1094 
microcatheter 934, 936 

- calibrated leak 119-127,130,959, 
961 

- Excelsior 10 938 

- flow-guided 937, 939 

- over-the guidewire 937 

- Rebar 938, 1085 

- two-microcatheter technique 
1039, 1040 

- variable-stiffness 936,937 

- wire-braided 938 
microcirculation agents 1132 
microcoils 986, 1025 
microemboli 77 
microseal adapter 1174 
microtrauma, tentorium 518 
Micrus coil 1010,1011 
Mini-Torquer 936, 942, 943 
miscellaneous 1094-1096 
mitochondria 19 
Monckeberg disease 23 
monorail 1164 

Moret’s technique 1032 
MRI (magnetic resonance imaging) 
30 

- angiography (MRA) 80-83,100, 
535 

- diffusion-weighted (DWI)/perfu- 
sion -weighted (PWI) 70-72, 81 

MRV (magnetic resonance 
venography) 142 
muscle atrophy 832 
mutation 374 

- germinal 380 

- somatic 380 
mycobacterium 512 
myelomere 767 

- topography, figure 778 
myelopathy 760 

- cervical 761 
myoamoya phenomenon 638 
myxoma, atrial 523 



N 

naloxone 1132 

nasal mucosa, physiology 206, 207 
NASCET 84, 86-88 
NBCA (N-butyl-cyanoacrylate) 
332,946,1059,1063,1140 
- Trufil 1060 
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neck 

- bridging 1039 

- protection 1030, 1031 
necrosis, ischemic 19,971,972 

- coagulative 20 

- focal 26 

- generalized neuronal 20 

- skin 1130 

nerve root compression 751 
neurinoma 199 
neuroblastoma 224 
neurofibromatosis 57, 297, 338, 739, 
743, 748 

-type I 421,424,435,436 

- type II 436 
Neuroform, stent 963, 1171 
neurological deficits 708, 1129 

- focal 582-585 

- global 585-587 
neuronal vulnerability, selective 

18-21 

neuro-ophtalmic abnormalities 299 
neuropeptide Y 14 
neuroprotective agents 39, 40 

- binding properties 41 

- pharmacological properties 40, 
41 

neutrophil 23 
nidus 794-801 

- angioarchitecture 654,655 

- intramedullary 763 

- intranidal ectasias 659-664 

- size change 656-659 
NIH Stroke Scale 148-150 
nitinol 962,963,1168-1170 
nitric oxide synthase (NOS) 9 

- isoforms 10 

nitroglycerin 133-135,921,1031, 
1032,1089,1146 
nitroprusside drip 921 
nitrous oxide (N0 2 ) 21, 22, 920 

- cerebral circulation 9,10 
NMDA (N-methyl-D-aspartate) 18 
norepinephrine 12 
notochord 738 

nucleus tractus solitarius 1152 
NYU introducer 974 



O 

O’Reilly catheter 958 
occipital artery 567 
occlusion 

- deconstructive 1005 

- test 328, 1029 
octacyanoacrylate 1055, 1059 
OER (oxygen extraction ratio) 17 
Ohm’s law 4 

Onyx (EVOH) 946, 1055, 1059, 
1084-1091,1149 



- aneurysm treatment 1084-1089 

- arteriovenous malformation 
treatment 1089-1091 

opacifying agents 1092,1093 
open-cell design 1164 
ophtalmoplegia 409 

- acute 403 
optic atrophy 409 

orbit, menigioma 1 77, 1 78 
orbital injury 279 
osteoblastoma 878 
osteodural-venous complex 571, 
572 

osteomyelitis 421 
oxygen 8 

- reactivity 9 



P 

pacemaker 1154 
packing 540 

PAF (platelet-activating factor) 13 
pain 

- dorsal 819 

- facial 751 
Palmaz, stent 1153 
Pantopaque 1093 
papaverine 131,133,135,1160 
paraganglioma 224, 221 , 228 

- angiographic protocol 252 

- associated lesions 246 

- cervical 238-243,257-260 

- classification 235, 237 

- differential diagnosis 246-250 

- embolization 261 

- complications 264 

- technical aspects 261-263 

- embryology 228-230 

- epidemiology 230-232 

- familial distribution 231 

- jugular 238 

- laryngeal 244 

- malignant 231 

- multicentric 231 

- natural history 235, 236 

- orbital 245 

- pathology 232,233 

- pharyngeal 265 

- pretherapeutic evaluation 
250-259 

- radiotherapy 260, 261 

- secretory 245,246 

- spinal cord 909-911 

- temporal 252-257 

- thyroidal 265 

- tympanic 236-238 

- vagal 241 

- vascular architecture 233-235 
Parkes- Weber syndrome 766,820, 

821 



partial repair 466 
patient preparation 917-919 
patterning 378 
PDGF (platelet derived growth 
factor) 25, 376 
PDK1/PDK2 431 
pentoxifylline 1134 
penumbra, ischemic 17 
peptide 13 
perclose 932 
perfusion 

- misery 22 

- reserve 17 
pericallosal arch 495 
pericytes 3, 376 
peritoneal dialysis 433 

PET (positron emission tomography) 
30,31 

petrous lesion 68 
pH 8,9 

PHACE syndrome 399, 400 
phagocytosis 4 
pharyngeal artery, ascending 

- carotid branch 567 

- neuromenigeal division 569 
physiology, cerebrovascular 3-14 
pial network 797 

PICA (posterior inferior cerebellar 
artery), dissection 463 
plaque 

- complicated 28, 29 

- fatty 28 

- fibrous 28 

- morphology 77 

- Gerolakos and Nicolaides 
classification 78 

- ulceration 75 
plasma 1133 
plasmocytoma 875,880 
platelets 26, 27 
Plavix 1153 
Poiseuille, equation 5, 8 
polyarteriitis nodosa 385 
polycystic kidney disease 43 1 -433, 

436 

- children 375 
polycystin 431 
polyglycolic/poly-L-lactid acid 

copolymer 1012 

polyvinyl alcohol foam (PVA) 839, 
974-977,1063,1123 

- ethanol combination 977 
postembolization care 

- cerebral arteriovenous malforma- 
tion 1128 

- head and neck 1128 

- intradural aneurysm 1128,1129 

- spinal arteriovenous malformation 
1129 

pouch, venous 755 
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pregnancy 136,787,831 
preoperative medication 917,918 
pressure 

- arterial, mean 5 

- cerebral perfusion pressure 5 

- intracranial (ICP) 5 

- venous 5 
prism therapy 298 

PROACT II (prolyse in acute cerebral 
thromboembolism trial II) 46, 47 
proatlantal artery 740 
probucol 97 
procollagen 

- type III 396, 434 

- typeV 396 
proptosis 299 
prostacyclin (PGI 2 ) 13 
prostaglandines 12, 13 
protamine sulfate 923 
protection/ protecting 

- agents 1134 

- distal cerebral 1173-1175 

- mechanical 1099 
protein C 136 
protein S 136 

provocative testing, cranial nerve 
1129 

pseudoaneurysm 347, 389, 653, 662, 
776 

pseudonidus 813 
pseudoxanthoma elasticum (PXE) 
385,437 

PT (prothrombin time) 38, 923 
PTT (partial thromboplastin time) 
38, 923 

puerperium 136 
pulmonic valve stenosis 524 
pupillary abnormality 409 
purine nucleotide 14 
Purkinje cells 19 
PVA (polyvinyl alcohol foam) 
suspension 839, 974-977, 1063, 
1123 

PWI (perfusion-weighted imaging) 
70-72,81 



R 

radiation 97 

- beta radiation 1019 

radical, free 41 

radicular vein 739 

radiosensitizer 916 

Radius, stent 964 

Rankin Scale, modified 148 

reanastomosis 930 

Rebar microcatheter 938,1085 

rebleed 539 

recanalization 45, 494, 975, 977, 979, 
1063,1119,1131,1132 



reconstructive operation 1030 
remodeling 25,374,376,955, 
1031-1037 

- Moret’s technique 1032 

- technique 534 

renal artery stenosis 435 
renal function 433 
Rendu-Osler-Weber disease 739, 766 
ReoPro 36 

reperfusion, cerebral 19 
-injury 22,23,39,41 
resistance, vascular 6 

- segmental 6 
restenosis 89, 93-97 

retinal artery, central, occlusion 67, 
68 

Retriever 1052 

revascularisation 42, 52, 55, 62, 
105-109, 923, 931, 1143, 1144, 1162 
-complications 1178,1179 

- emergency 65 

- mechanical 1176 
Robin Hood effect 1132 

r-TPA (recombined tissue plasmino- 
gen activator) 31-33,67,144, 

1131 

r-UK (recombined urokinase) 46, 
60,144, 961,1131 
rupture, vessel 1137 



S 

sacral artery, lateral 752 
salmonella 505 
SAMS (spinal arteriovenous 
metameric syndrome) 764, 766, 
770,813-821 

SCAVM (spinal cord arteriovenous 
malformation) 760-773 

- aggravating factors 831,832 

- angioarchitecture 775,829,830 

- angiography 809810 

- arterial aneurysm 786-794 

- arterial features 775-784 

- associated malformations 
822-825 

- bifocal 763 

- classification 767-773 

- clinical aspects 825-832 

- clinical assessment 808 

- CSF pulsation artifact 809 

- CT 808 

-embolization 1116,1117 
-hemodynamics 810,811 
-incidence 769,814 

- intradural fistula 811,812 

- MRI 808 

- multifocal 815 

- myelography 808 

- natural history 760, 825 



- nidus ( see there) 

- postembolization care 1129 

- prognosis 830 

- retromedullary 806 

- thrombosis, spontaneous 843, 
844, 847 

- treatment 

- complications 840-842 

- indications 833-839 

- medical therapy 843-847 

- radiotherapy 843 

- results 839, 840 

- - surgery 842,843 

- veins 802-807 

- thrombosis 803 
sclerosis, medial 

- calcified 23 

- cystic 57 

sclerotherapy 1074-1083 
SDAVF (spinal dural arteriovenous 
fistula) 849-872 

- age distribution 849 

- clinical presentation 858, 859 

- embolization 1125-1128 

- indication 867 

- results 871 

- technique 867-869 

- imaging 859-867 

- location 863 
-macro 812,813 

- macroscopic apearance 851-853 

- micro 812 

- microscopic apearance 853, 854 

- pathology 850,851 

- pathophysiology 854-858 

- sacrum 778 

- surgery 871,872 
security point 928 
segmental vulnerability 492 
seizure 918 

- outcome 919 
sella turcica 410 

Sentry catheter 125, 955, 958, 1034 
SEP (somatosensory-evoked 
potential) 809, 840, 925, 928, 1 1 24 
Serbinenko 955 
serotonin 12 
sex hormons 206, 207 
shear stress 514 
shunt, arteriovenous (see also 
malformation) 

- dural (see DAVS) 

- epidural 861 

- filum terminale 797 

- general appearance 615-618 

- radicular 766 
silicone 

- fluid 947, 1059 

- spheres 977 
Silvadene 1130 
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Silverspeed, guidewire 965 
size-to-neck ratio 532 
size-to-parent-artery-diameter 
ratio 532 

Sjogren’s syndrome 513 
skin 

- discoloration 817, 1092 

- vascular malformation 814 
SMART 1165 

smoking 440 
smooth muscle 26, 27 

- proliferation 97 

snare, microvena 1051,1052 
Sorcerer, guidewire 965 
sphenoid 

- bone 408 

- sinus 305, 509 

spinal artery, anterior, pial branches 
798, 799 
spinal cord 

- aneurysmal bone cyst 890-892 

- angiographic protocol 875, 876 

- angiography 874, 875 

- arteriovenous malformation 
(see SCAVM) 

- catheterization, distal 1116 

- collateral circulation 1114 

- embolization 876-883 

- arteriovenous malformation 
1116,1117 

- cervical tumors 877 

- chemoembolization 877-880 

- flowcontrol 1117-1120 

- intralesional 880 

- thoracic/lumbar/sacral tumors 
877 

- endovascular treatment, technical 
aspects 1113,1114 

- giant cell tumors 893-895 

- hemangioblastoma 898-900 

- pretherapeutic evaluation 
904-906 

- treatment 906-909 

- hemangioma, vertebral 883-890 

- malignant tumors 895-897 

- embolization 897 

- meningioma 910 

- metastases 895 
-monitoring 1124,1125 

- paraganglioma 909-911 

- pathological changes 854 

- vascular lesion 758-760 

- von Hippel-Lindau disease 
900-904 

steal 

- arterial 300, 754 

- intracerebral 9 
-subclavian 105,1176 

Stealth catheter 125, 950, 952, 958 
stenosis, arterial 1143-1146 



- carotid 16, 99 
stent 36, 57, 62, 69 

- balloon-expandable 59, 106, 962, 
1161, 1164, 1165, 1171, 1180, 1181 

- coating 97 

- collapsed 1178 

- construction design 1164 

- covered 962 

- delivery catheter 962-965 

- metal alloys 1164 

- nitinol 962,963,1168-1170 

- protection 1045 

- retrieval 1179-1181 

- selection 1164-1168 
-self-expandable 59,962,1160, 

1164,1169,1170 
stenting 90-98, 104 

- hemodynamic disturbances 
1152,1153 

- techniques 1152-1181 

- intervention 1154-1163 

- premedication 1153,1154 

- vasoactive medication 1154 
stopcocks 1095 

streaks, fatty 23, 24, 27, 28 
streptokinase 33 
stroke 421,495,1129 

- children 422 

- deep-seated 460 

- embolic 477 

- ischemic (see there) 
stroke center 71 

stroke emergency team 70,71 
Sturge- Weber syndrome 691-694, 
812 

subclavian artery 105 

- revascularisation 42 
subclavian steal syndrome 105, 

1179 

subintimal trauma 392 
substance P 12, 13 
sump effect 747 
superelasticity 1170 
surface 

- abluminal 4 

- rendering 532, 533, 541 
swelling 

- postembolization 1060 

- postoperative 1130 
Symbiot, stent 964 
Symphony 1165 
syndromes/diseases (names only) 

- Bourneville disease 436, 437 

- Cobb syndrome 755,773 

- Ehlers-Danlos syndrome 57, 279, 
280,297,387, 434, 435,743 

- Horner’s syndrome 396,401,417 

- Kassel Bach syndrome 1073 

- Klippel-Trenaunay syndrome 
766, 767, 771,820 



- Marfan syndrome 57, 435, 437 

- McCune Albright syndrome 522 

- Monckeberg disease 23 

- Moyamoya disease 438 

- Paget’s disease 427 

- Parkes-Weber syndrome 766,820, 
821 

- Rendu-Osler-Weber disease 739, 
766 

- Sjogren’s syndrome 513 

- Sturge- Weber syndrome 691-694, 
814 

- von Hippel-Lindau disease 
900-904 

- von Willebrand’s disease 750 
syphillis 454 

syringes 1094 

T 

Takayasu’s arteritis 1 15, 1 16 
tandem lesion 68, 69 
tantalum powder 947,1063,1084, 
1092, 1093 

TCCF (traumatic carotid cavernous 
fistula) 

- clinical aspects 285-306 

- associated traumatic lesions 
302-305 

- ophtalmological symptoms 
293-298 

- etiology/epidemiology 279-284, 
297 

- location 308-313 

- pretherapeutic evaluation 
306-320 

- therapy 

- embolization 321,322 

balloon selection 325-330 

inferior petrosal approach 

332 

postembolization care 333 

retrograde ophthalmic vein 

catheterization 332 
venous approach 330 

- emergency treatment 322-324 

- manual compression 332 

- - NBCA 332 

- surgical approach 324, 325 

- venous drainage 314 
teleangiectasias, hereditary 

hemorrhagic (HHT1) 618-621, 
794,812,822 

tentorium, microtrauma 518 
Terumo, guidewire 965 
TGF/Il (tissue growth factor fl) 

376 

thalassemia, heterozygotic a 522 
thrombin 36 
thrombocytopenia 38, 144 
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thromboembolism 110 
thromboendarterectomy 54 
thrombolysis/thrombolytic therapy 
32, 33,39,53,144 

- local intra-arterial thrombolytic 
therapie (LIAT) 110,1131 

- anterior circulation 45-52 
thrombolytics 1055 
thrombosis 

- aneurysm 470 

- arteriovenous malformation 
669 

- basilar artery 110-114 

- cerebral venous ( see venous 
occlusive disease) 

- cortical vein 139 

- spontaneous 791 

- superior sagital sinus 138, 140, 
147 

- traumatic 278 

- venous 752 

thromboxane A 2 (TXA 2 ) 13, 27, 34, 
35 

thrombus 479, 494 
thyroid carcinoma 273 
thyrolaryngeal tumors 265-270 
TIA (transient ischemic attack) 14, 
44, 73, 74 

- posterior circulation 99 
ticlopidine hydrochloride 35, 37, 

1153 

TIMI (thrombolysis in myocardial 
infarction) 46, 47 
tinnitus 581,582 

- pulsatile 285 
tirilazad 41 
tirofiban 36 

tissue plasminogen activator, 
recombined (r-TPA) 31-33,67, 
144,1131 

tolerance test 314,942,943,1020, 
1029, 1030 

tongue hemorrhage 352 
torticollis, painfull 751 
tracheostomy 920 
transdural veins 573-575 
Transent platinum, guidewire 966 
transitory deficits 840 
transmedullary 

- supply 795 

- vein 796 

transphenoidal surgery 279, 403, 
404 

transposition, great arteries 524 
transvenous approach 756 
tray container 1095 
tricuspid atresia 524 



trigeminal artery 103 
trigger 374 
Trispan 1039-1043 
tropoelastin 396, 435 
Trufil 1060 
truncus arteriosus 524 
tuberous sclerosis 436,437 
tubular design 1164 
Tuohy-Borst 1095 
- Y-adapter 944, 960 
twin, homocygotic 452 
two-arteriotomy-site 1178 



U 

ultrasound, carotid 75-78, 98 

- double enhanced 77 

- hemodynamic assessment 77 
urokinase, recombined (r-UK) 46, 

60,144, 961,1131 



V 

VA (veterans Administration) 87 
Valsalva maneuver 814, 831, 920, 
922 

vasavasorum 94,96,376,398,459, 
489,494 

vascular insufficiency, cerebral 

- management 104-109 

- pretherapeutic evaluation 99-103 
vascular lesion 

- limb 820 

- pelvic 821 

vascular phenotypic vulnerability, 
variability 374 

vascular system, sex hormons 207 
vasculitis 83 
vasculogenesis 23 
vasculopathy, mural 371 
vasoactive substances 11 
vasopressin 14 
vasoseal 932 

vasospasm 117-135,952,959,1031, 
1146 

- angioplasty, indications and results 
128-133 

- arteriovenous malformation 642 

- chemical treatment 133-135 
VCAM-1 (vascular endothelial 

molecule) 26 

venography, magnetic resonance 
(MRV) 142 

venous nerve, perispinal network 
807 

venous occlusive disease 

- clinical presentation 137, 138 



- combined endovascular treatment 
1147 

- etiology 135, 136 

- imaging 138-143 

- incidence 136, 137 

- natural history 137,138 
-riskfactors 136 

- treatment 143-147 
ventriculostomy 456 
vertebral artery 

- dissection 83 

- duplicated 447 

- fenestration 447 

- occlusion 107 
vertebrobasilar insufficiency 98, 

425, 751 

vertebroplasty, percutaneous 897 

vessel wall, proliferative disease 490 

vidian canal 401 

viscosity, blood 8, 1 133 

vision loss 66 

visual loss 299, 302, 304, 405 

vitamin E 41 

Vitek 1155 

volume rendering 532, 533, 541 
volume, cerebral blood (CBV) 7 
von Hippel-Lindau disease 900-904 
von Willebrand’s disease 750 
vulnerability, segmental 492 
VVAVF (vertebro-vertebral arterio- 
venous fistula, proatlantal and 
intersegmental) 743-751 

- clinical findings 751,752 



W 

Wada test 928 
Wallerian degeneration 21 
Wallstent 1046,1165,1167,1169 
warfarin 398 
WFNS gerading scale 368 
Willis, circle 1108, 1109 
wisdom tooth extraction 362 
Wyburn-Mason 758 



X 

xylocaine 927,929,1125 

Y 

Y hemostatic valve 1031, 1095 
Yasargil, grading system 368 

Z 

Zubkov’s technique 117,118 



Manufacturers 



AVE/Medtronic 
Minneapolis, MN 55432, USA 

Beiersdorf Inc. 

187 Danbury Road, Wilton, CT 06897, USA 
Biosphere Medical 

1050 Hingham Street, Rockland, MA 02370, USA 
Boston Scientific 

One SciMed Place, Maple Grove, MN 55311-1566, USA 
Cook Inc. 

PO Box 489, Bloomington, IN 47402, USA 
Cordis Endovascular 

14000 NW 57th Court, Miami Lakes, FL 33014, USA 
Ethicon Inc. 

Somerville, NJ 08876, USA 
Lilly Research Laboratories 

Lilly Corporate Center, Indianapolis, IN 46285, USA 
Medtronic 

3576 Unocal Place, Santa Rosa, CA 95403, USA 

Microtherapeutics Inc. 

2 Goodyear, Irvine, CA 92618, USA 

Microvena 

1861 Buerkle Road, White Bear Lake, MN 55110-5246, USA 
Microvention 

72 Argonaut, Aliso Viejo, CA 92656, USA 
Micrus Corporation 

495 Clyde Avenue, Mountain View, CA 94043, USA 

Monarch Pharmaceuticals 

335 Beecham Street, Bristol, TN 37620, USA 

Savage Labs 

Melville, NY 11 747, USA 
Provasis Therapeutics Inc. 

9275 Sky Park Ct., Ste. 125, San Diego, CA 92123, USA 



